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An Ordinary General Meeting of the Institute of Petro- 
leum was held at 26 Portland Place, London, W.1, on 
14 September 1955, the Chair being taken by A. C. 
Hartley, C.B.E., a vice-president of the Institute. 


The General Secretary read the minutes of the previous 
meeting, which were confirmed and signed as a correct 
record. He also announced the names of members 
elected since the previous meeting. 


The Chairman, introducing the author of the paper to 
be presented, said: The paper tonight is being given 
by the author, Mr J. M. Dougary. 

Mr Dougary took an honours degree in chemistry in 
the University of London, and joined the Anglo-Iranian 
Oil Company (now The British Petroleum Co Ltd) in 


’ Abadan at the beginning of 1935. After some general 


experience there, he, with a group of chemists, was 
designated to commission and deve 4 the process and 
pilot plants for the production of 100 O.N. aviation gaso- 


THE INSTITUTE OF PETROLEUM 


MODERN CRUDE OIL LOADING TECHNIQUES AT 
MINA-AL-AHMADI, KUWAIT * 


By J. M. DOUGARY (Fellow) + 


SUMMARY 
The paper describes the build up of crude oil loading capacity at the Mina-al-Ahmadi loading terminal of 
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line. He was e on that sort of work for most of the 
rest of his period in Abadan. Then, in 1946, he joined the 
Kuwait Oil Company as superintendent of the Sto and 
Export Division, in preparation for the start of the ex- 
ports from Kuwait which in June 1946. The 
exports, rising from nil, as we hear in the paper, are 
running currently at over one million b.d., and Mr 
Dougary has been very intimately connected with the 
whole of the development of the facilities to enable this 
to be done. He became assistant superintendent of the 
Pipeline and Export Department in 1951. He isa Fellow 
of the Royal Institute of Chemistry, an Associate Member 
of the Institution of Chemical Engineers, and has been a 
Fellow of the Institute of Petroleum for some years. He 
was elected to the committee of the Kuwait sub-branch 
in 1953, was vice-chairman in 1954, and is the chairman 
of that branch this year. 


The following paper was then presented in summary by 


the author : 


Kuwait Oil Co. Ltd., from the time of the initial shipment in June 1946 until March 1955, when exports had 
reached in excess of 1-0 million b.d. The facilities which have been provided and the methods saupted to 
enable the high export rates to be met are described and discussed. 


INTRODUCTION 


In June 1946, from the time of the first crude oil 
shipment from Kuwait, sixty-one crude oil shipments 
were made for a total of just under 800,000 tons. In 
1954 just under 2500 vessels were loaded, and exports 
exceeded 45 million tons. Table I records the average 
b.d. receipts from the Burgan and, latterly, Magwa 
fields. It also records the number of ships loaded and 
the corresponding tons and barrels up to the end of 
March 1955. 

To enable the rapid and very substantial increase 
in exports to be made, it was necessary to build up a 
system of pipeline from the producing areas, tankage 
to receive the oil, and a system of gravity lines to 
deliver the oil to the loading terminal. In the present 
paper a short historical section describes the growth 
of facilities before describing in detail the present 
status and how these facilities are utilized (see Fig 1). 


HISTORICAL 


1946. Tankage available: four of 139,000 bri. 
One 22-inch gravity line from tank farm to loading terminal. 
Two submarine loading berths (two 12-inch lines, two 
8-inch submarine loading hoses). 


| 

| Receipts No. of 
Year | from the shi Tonnage US. bri 

| fields, b.d. | loaded at 60° F 
1946 *, 28,786 * 61* 768,861 * 5,689,571 * 
1947 | 44,460 168 2,113,646 15,694,414 
1948 127,177 436 6,224,815 46,198,776 
1949 246,385 802 12,010,102 88,643,985 
1950 344,445 973 15,797,037 | 116,696,003 
1951 561,396 1693 26,623,054 | 196,334,760 
1952 747,084 2247 35,771,961 | 264,028,271 
1953 861,897 2435 41,034,474 | 302,997,936 
1954 951,560 2497 45,483,146 | 336,315,861 
1955 1,062,594 + 685 ¢ | 12,622,285 +; 93,562,762 + 


* From 30 June to 3i December. 
+ For first three months only. 


1947. Tankage available: six of 139,000 brl. 


1948. Tankage available: six of 139,000 bri. 
two of 168,000 ,, 
two of 90,000 

A second 22-inch gravity loading line was commissioned in 


March, 
Three additional submarine loading berths were commis- 
sioned in October and December (each two 12-inch lines, 
two 8-inch submarine loading hoses). 


* MS received 14 July 1955. 


+ Kuwait Oil Company Ltd., Kuwait. 
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1949. Five additional 168,000-brl tanks commissioned. (Two 
90,000-brl tanks reverted to bunker fuel duty.) 
Oil jetty commissioned 23 November (crude oil berths). 
Three additional 24-inch gravity lines commissioned. 
1950. Six additional 168,000-brl tanks commissioned. 
1952. Four additional 168,000-brl tanks commissioned. 
A sixth 30-inch gravity line commissioned. 


1953. Two further 168,000-brl tanks commissioned. 
A seventh 34-inch gravity line, and an eighth combination 
30-34-inch gravity line was commissioned. 


1954, Three additional 168,000-brl tanks commissioned. 
Three new submarine loading berths commissioned (one 
single 24-inch line and 12—10-inch loading hoses to each). 


1955. Four additional 210,000-brl tanks commissioned. 


PRESENT STATUS OF CRUDE OIL 
LOADING INSTALLATIONS 


Reference should be made to the schematic drawing 
** Kuwait Oil Co. Ltd., Crude Oil Loading Installa- 
tions ” (Fig 2). 

Crude oil from Burgan field is pumped through one 
combination 20-22-inch and two 20-inch lines, and 
from the Magwa field through one 16-inch line, the 
two streams being manifolded to provide adequate 
mixing at the Ahmadi distribution manifold. At 
this point the main crude oil stream is routed to serve 
the various tank groups by means of 204nch lines and 
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20-inch filling laterals into groups of three or four 
tanks. The filling lines for individual tanks are 
12-inches dia. 


AHMADI TANK FARM 


Ahmadi tank farm at the present time consists of 
thirty-two tanks on crude oil service of the following 
capacities: six of 139,000 brl each; twenty-two of 
168,000 brl each; four of 210,000 brl each. 

As a generalization, tanks are grouped in banks of 
four, each tank group serving one of the gravity lines 
which are used for loading. Each tank group is used 
thus : 

One filling from the field; a second standing empty 
to receive oil when the filling tank is switched; a 
third loading; and a fourth tank standing full or 
partially full to complete the loading for the increasing 
number of large-capacity tankers loading. Total 
installed capacity amounts to just over 5 million bri, 
with an effective capacity of 4-6 million brl. 

Ahmadi tank farm, located at between 370 and 
400 ft above sea level and approximately 6 miles east 
of the shore terminal at Mina-al-Ahmadi, is connected 
to the shore terminal by eight gravity lines, by which 
all loading is carried out. 


GRAVITY LINES 


The gravity line system is split into two parallel 
routes approximately one mile apart, but cross-con- 
nected, both at the Ahmadi tank farm end and at the 
shore terminal, to provide flexibility. The first gravity 
line group system of Nos. 1 and 8 comprises one 22-inch 
line throughout its length connected to four 139,000- 
bri tanks. No. 8 gravity line is a combination 
30-34-inch line to its junction with the submarine 
loading manifold. 

In the second and larger gravity line system, there 
are : 

One 2:-inch line, three 24-inch lines, one 30-inch 
line, and one 34-inch line. Apart from the 34-inch 
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line, which is connected to the four 210,000-brl tanks 
by a 34-inch lateral, all the remaining gravity lines are 
connected to their respective tank groups by twin 
22-inch laterals, again to provide maximum flexibility. 
Apart from the 34-inch lateral serving the large- 
diameter gravity lines, all other laterals are tied into 
each of the six gravity lines in the main gravity line 
manifold which runs from east to west throughout the 
tank farm. 

The six gravity lines described terminate in the 
jetty switchgate manifold, where the final routing on 
shore of the crude oil streams takes place. Valve 
arrangements here are such that a very high degree of 
flexibility is provided. The jetty switchgate manifold 
is also connected to the submarine switchgate manifold 
by one 22-inch and three 24-inch cross-connexions, 
thus further increasing the flexibility of the loading 
system. From the jetty switchgate manifold the oil 
stream splits into eight segregated loading lines, each 


TANK FARM MAIN GRAVITY LOADING MANIFOLD 


of 24-inch dia on to the approach pier of the oil and 
cargo jetty. 


OIL AND CARGO JETTY 


A very full description of the design and con- 
struction of the Mina-al-Ahmadi oil and cargo jetty 
was presented before the Institute of Civil Engineers 
in January 1952, by McGowan, Harvey, and Lowdon, 
in their paper ‘ Oil Loading and Cargo Handling 
Facilities at Mina-al-Ahmadi, Persian Gulf.” 

In the present paper, therefore, description is con- 
fined to the crude oil loading lines and systems (and 
in a later part of the paper to bunkering lines and 
arrangements). On the oil pier proper there are four 
berths on the seaward side and two on the landward 
side. Available at each berth are four loading connex- 
ions from the 24-inch loading lines. When loading at 
peak capacity, normally only two of the loading con- 
nexions are used, but at anything below peak loading 
rates, three or four loading connexions are used for 
vessels capable of taking cargo at rates up to 4000 tons/ 


TANK FARM OPERATOR USING REMOTE CONTROL OF TANK 
INLET VALVE 


hr. In addition to the six berths on the oil pier proper, 
the cargo pier has been converted for crude oil loading 
by taking connexions from the eight 24-inch loading lines 
by means of three 22-inch lines—one from jetty loading 
lines 1 and 2, one from jetty lines 3-6, and one from 
jetty loading lines 7 and 8. As on the oil pier, each of 
the two crude loading berths on the cargo pier have four 
loading connexions. Apart from two of the loading 
connexions at No. 2 berth which are fitted with two 
10-inch smooth-bore hoses, all other berths are fitted 
with 8-inch smooth bore loading hoses, although it is 
the ultimate intention to have all berths provided 
with 10-inch or even possibly 12-inch loading hoses. 
Each of the jetty loading lines terminates in a terminal 
header valve, which enables oii from one loading line 
to be passed back to another of the loading lines, thus 
further increasing the flexibility of the loading system. 
The terminal header valves can only be used one at a 
time in the manner described. 


SUBMARINE LOADING BERTHS 


In addition to the crude loading berths on the oil 
pier, three submarine berths are also operated in order 
to deal with shipping congestion resulting from 
“bunching,” especially after loading has been sus- 
pended on account of unfavourable weather. Each 
submarine berth consists of a single 24-inch dia line 
terminating in 12-10-inch heavy-duty submarine 
loading hose (each berth is supplied with a separate 
12-inch bunkering line ; this facility is described later). 

From the description and a study of the schematic 
drawing of the crude oil loading installation, the 
facilities provided give a large degree of flexibility, 
thus enabling high export rates to be achieved. It 
should be noted that the high degree of flexibility in 
the crude oil loading systems is only possible because 
at the present time one grade of crude oil is being 
produced and exported. Even so, the physical 
distances to be covered and the number of valves 
required to be operated would make it necessary to 
employ a very substantial manpower force were it 
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not for the provision of operational aids installed to 
reduce manpower requirements to a minimum. 


AUTOMATIC AND REMOTE CONTROL 
EQUIPMENT 


Remote-operated Electrical Control Valves 


The most important of the operational aids pro- 
vided are the remote-operated electrically controlled 
inlet and outlet valves on each of the tanks in the 
Ahmadi tank farm. In order to operate satisfactorily 
eight gravity lines from the Ahmadi tank farm to the 
terminal, a minimum of thirty-two tanks are required 


TANK FARM CLOSE UP OF ELECTRICALLY OPERATED 12-INCH 
INLET AND 20-INCH OUTLET VALVES 


Note the liquid level gauge between the two valves. 


for use in the manner described, i.e. one filling from 
the field, one empty and available for switching into, 
one loading, and one available to switch from to com- 
plete loading. At any one time, crude oil is being 
received from the field areas into each one of the eight 
tank groups. Equally, it is not uncommon for up to 
ten tanks to be used simultaneously for export opera- 
tions. (When possible two tanks are employed in 
parallel when using the large capacity gravity lines.) 

Groups of four tanks, therefore, are allocated to each 
of the eight gravity lines with the appropriate valves 
in the main gravity line manifold, and the tank outlet 
lateral valves set. These valves are all manually 
operated. In the Ahmadi tank farm, this leaves only 
the 12-inch electrically operated tank inlet valve, and 
the 20-inch electrically operated tank outlet valve, to 
be operated. (It should be noted that although motor 
operated valves have been provided on all tanks, some 
work remains to be done before valves on the most 
recently completed tanks can be power operated.) 

In normal circumstances, therefore, it is un- 
necessary to use the manually operated valves which 
have been provided, each filling and loading system 
being self-sufficient. However, when abnormal con- 
ditions prevail, as a result of excessively high or low 
oil stocks, a large degree of flexibility is available to 
cater for the abnormal conditions. 


The electrically operated inlet and outlet valves can 
be operated from the tank side by suitable press buttons 
either “open,” “close,” or “stop.” Interlocking 
arrangements are provided to ensure that both inlet 
and outlet valves cannot be opened simultaneously. 
Control of tank farm operations is carried out from a 
farm tank control building, and it is from there that 
the electrically operated inlet and outlet tank valves 
are normally opened or shut as required. A control 
panel designed and constructed by the Charles Langais 
Company of California is located in the control building, 
which is something over a mile from the most remote 
tank in the tank farm. 

Incorporated in the control panel is a schematic 
arrangement of tanks, lines, and valves corresponding 
to the actual arrangement in the tank farm, with a 
control desk from which the electrically operated 
valves are operated. On the control panel each valve 
has red and green indicator lights; when the valve is 
shut the green indicator is illuminated, and when the 
valve is open the red indicator is illuminated. When 
valves are being opened or shut, both lights show 
until the valve is either completely open or completely 
shut. 

A similar control panel is provided at the switch- 
gate manifold of the shore terminal. This is the 
central point of all crude loading operations, and from 
where oil from the gravity lines is routed on to the 
eight jetty loading lines. Here, some forty 20-inch 
valves are electrically operated from the control panel 
in a similar way to those in the tank farm. 

The importance of this operational aid in speeding 
and facilitating filling and loading operations will be 
readily appreciated. . 


Remote-reading Liquid Level Gauges 

It has been stated that as far as crude oil loading is 
concerned, up to eight tanks in the tank farm may be 
filling simultaneously from the field areas, and at the 
same time a further ten tanks may be in movement 
for export operations, i.e. a total of eighteen tanks in 


TANK FARM 12-INCH FILLING LINE AND ELECTRICALLY OPER- 
ATED INLET VALVE, 34-INCH OUTLET LINE AND 24-INCH 
ELECTRICALLY OPERATED OUTLET VALVE 


Ba 
3 
4 


TECHNIQUES AT MINA-AL-AHMADI, KUWAIT 


Taste II 
Gravity Line Capacities 


Size of line Normal hourly loading 


rates, tons/hr 


l 8 l ait _.__ |) The use of two tanks on 22-inch or 
2 8 l 7 ae 24-inch gravity lines gives an in- 
3 24 24 8 l 1750 ae sae , creased loading rate of approx 50 
wey 24 24 8 I 1750 Bak we tons/hr. One or two additional 
ie 24 24 8 1 1750 ce fe? | hoses give an increased rate of 

approx 50 tons/hr only. 
) The use of a single tank on 30-inch 
| and 34-inch gravity lines reduces 
9 9 9 ‘ the loading rate on two hoses by 
sd y is not used on more than two hoses. 
tanks loading at a dip in excess of 

20 ft. 


Notes: (a) Rates given above are for the oil jetty. Ont the —— jetty (20-22 inch loading line extensions), hourly rates on 
22-inch and 24-inch gravity lines are reduced by approx 150 tons/hr, and for 30-inch and 34-inch gravity lines by approx 300 
tons/hr. 

(6) Provided the vessel loaded has a 10-inch connexion, the use of 10-inch hoses enables increased loading rates of 100 tons 
per hose, This applies to all size gravity lines using two ‘tanks simultaneously. 


movement simultaneously. A large gauging force ventional methods using the standard temperature 
would be necessary to keep oil movements up to date, sampler. The Weston thermometer is based on the 
and to determine when filling or loading tanks were alteration in resistance of metals with temperature, 
required to be switched. Accordingly, liquid level and temperatures can be read off directly from a gauge 
gauges have been provided or are being provided for at the tank base, and would obviate the necessity for 
all crude tankage used in export operations. The top-, middle-, and bottom-temperature readings being 
gauges are of the float type, attached to a wire passing made from the roof of the tanks. 

over pulley sheaves at the top of the tank shell, down 

to the measuring drum of the gauge at ground level. Taste IIt 

The oil level at each tank can, therefore, be read (at Gravity Line—Jetty Loading Line Combinations for Loading 
the tank base) without using conventional gauging Bates 2068 


methods, but even more important is the transmitter i} No. of 
arrangement, which enables the oil level to be read on Rate, ~ of gravity res = jetty Oil- 
a receiver in the tank farm control room, thus enabling _tons/hr | loading 
an up to the minute record of all tanks in movement ines 
to be immediately available in the control building, 2000 2 x 22 2 l Oil 
since each tank is provided with an individual receiver. 2000 2x 22 2 2 on 
It should be noted that the remote reading liquid level 
gauges are used at the present time only for operational 2300 |1 x 22 and1 x 24 2 I Oil 
purposes. All official measurements for royalty and 2400 2 x 24 2 2 Cargo 
2500 2x 24 2 1 Oil 
export purposes are still carried out by conventional 2700 Oil 
means, i.e. by dipping with certified dip tapes, and 2700 | 1 x 22 and 1 x 24 3 2 Cargo 
associated temperature measurements. With more 2850 “ 3 
accurate and reliable liquid level gauges now being Oil 
manufactured and tested, it is not unreasonable to 3200 2 x 24 4 2 Cargo 
hope that it will not be too long before official measure- x 24 
. . . > 4 1 
ments will be acceptable using liquid level gauge 3800 |1 x 34and 1x 22 4 r Cane 
readings. 3900 | 1 x 34and1 x 24 4 2 
4000 |2 x 22 and 1 x 24 + 2 
4000 | 1 x 22 and1 x 30 4 2 Oi 
Automatic Resistance Thermometers 4200 | 1 x 22 and 2 x 24 4 2 Oil 
A further operational aid which it is proposed to = 
experiment with is to be installed in one of the Ahmadi 4200 | 1 x 34and1 x 22 4 2 Oil 
tanks in the immediate future. This is the Weston 4300 | 1 x 34and1 x 24 4 2 Oil 
th te which would 4000 1 x 34and1 x 30 3 Cargo 
4500 | 1x 34and1 x 30) 4 2 Oil 
obviate the need for time-consuming, tedious, con- 


it 
5 
Gravity | loadin 
line Gravity | ting hoses, | °f tanks 
i - inches used 
hts line, as 2 hoses | 3 hoses | 4 hoses 
inches 
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TANK FARM—GENERAL VIEW OF CONTROL ROOM SHOWING 
REMOTE-READING LIQUID-LEVEL GAUGES AND CONTROL 
PANEL 


BUNKERING FACILITIES 


Although bunkering operations are, strictly speak- 
ing, a completely separate part of the terminal 
facilities, they are so intimately connected with crude 
loading operations that it is convenient to comment on 
them at this juncture. Both furnace oil and marine 
diesel oil bunker fuels are available at all jetty berths. 
At one of the submarine berths only marine diesel is 
provided, at the other two furnace oil only is available. 
For furnace bunker deliveries, the jetty is fed from a 
16-inch line with twin 8-inch off-takes (to suit the 
ship’s bunkering connexions) at each of the oil pier 
berths. A 6-inch connexion from the 16-inch line 
feeds the two cargo pier berths. For each of the sub- 
marine berths, one 12-inch line ‘“‘ tees-off’’ a com- 
bination 20-16-inch shore feeder line. For marine 
diesel deliveries, a 12-inch line is used on the oil and 
cargo pier with twin 8-inch take-off lines at each of the 
oil pier berths. On the cargo pier marine diesel 
deliveries are made from a 6-inch connexion from the 


OIL PIER CRUDE AND BUNKER VALVE ARRANGEMENTS 


At extreme right, meter bank for measuring furnace 
bunker deliveries. 
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main 12-inch delivery line with twin 6-inch connexions 
to each of the two cargo pier berths. The largest size 
hoses which can be successfully used are available, 
but the actual size connected is dependent on the ship’s 
connexions and bunker lines. Deliveries of both 
grades of bunker fuels are by pump from shore measur- 
ing tanks; in the case of furnace oil varying in size 
from 168,000 to 10,000 brl capacity, and ia the case of 
marine diesel, from 90,000 to 10,000 brl capacity. 

The capacity of the bunker loading pumps varies 
according to winter or summer conditions, approx 350 
tons/hr in summer, and about 300 tons/hr in winter. 
In the original bunker installations it was only possible 
to bunkerone ship at a time with either grade of fuel, and 
in so far as marine diesel oil is concerned this is still 
perfectly adequate, but in the past few years, especially 
with the advent of the super tanker requiring up to 
2500 tons of furnace oil, or in isolated cases even more, 
serious delays were incurred and valuable jetty time 
lost by vessels completing their crude oil cargo prior to 
the completion of bunkers. 

To obviate or eliminate bunkering delays, it was 
necessary then to speed up bunkering deliveries either 
by duplicating the existing bunkering system or by 
the use of meters at individual berths from the single 
16-inch delivery line. A trial installation of positive 
displacement meters was tested extensively over an 
eighteen month period, with remarkably close agree- 
ment between quantities calculated from meter 
readings and quantities calculated from tank measure- 
ments using conventional gauging methods. On the 
basis of these results a decision was made to instal 
positive displacement meters for furnace bunker 
deliveries at all berths. Prior to their installation, 
these meters are proven and certified at a test bed 
especially provided for the purpose. 

Over the past year, oil and cargo pier berths have 
been fitted with meters, and the confidence placed in 
their accuracy has been amply vindicated, for example, 
in January 1955, 400,000 brl of furnace bunkers were 
delivered, and showed a difference of 246 br) from 
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At the time this photograph was taken the cargo lifted 
by vessels alongside was over 191,000 tons. 


a 
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tank gauge measurements, a difference of 0-06 per cent. 
In February 1955, 500,000 brl were delivered through 
the meters for a difference of 273 brl or 0-05 per cent. 

These are the facilities which have been provided 
for crude oil loading and bunkering operations. A 
discussion on how these are used follows. 


GRAVITY LINE CAPACITIES 


Since 1951 approx 10,000 tankers have been loaded 
at the oil and cargo pier at Mina-al-Ahmadi, and it has 
been possible to establish accurately the loading rates 
which can be achieved with each of the gravity lines 
and loading systems installed. These are detailed in 
Table II, which shows that loading rates vary on a 
single gravity line system from 1450 tons/hr for the 
22-inch gravity line to 3200 tons/hr on the 34-inch 
gravity line. When all berths on the oil and cargo pier 
are operating simultaneously, it is not possible to 
exceed for any one ship the maximum loading capacity 


24-INCH 
LOADING LINES TO OIL PIER AND 22-INCH LINES TO 
CARGO PIER 


OTL AND CARGO PIER-—-GENERAL VIEW SHOWING 


of the gravity line system to which it is connected. 
However, by the nature of the loading operations it is 
unusual for loading to be in progress simultaneously 
at all berths, since at one or more other operations 
than direct loading are normally taking place, such 
operations would include tying up, unmooring, 
deballasting (this being the most common). When 
these operations other than direct loading are in pro- 
gress, whenever it is expedient to do so, an additional 
gravity line or gravity lines is added to the loading 
system for vessels capable of loading at rates in excess 
of a single gravity line capacity. 

By these means, it is impossible to obtain a gravity 
line utilization of up to 90 per cent. It will be 
appreciated that an additional gravity line system 
is used only when a reasonable utilization of the 
additional loading system can be made, #.e. 3 hr or 
more. 


LOADING CAPACITY 


Over the past few years it has been possible to estab- 
lish the loading rates which can be achieved with various 


TECHNIQUES AT MINA-AL-AHMADI, KUWAIT 


Om PIER 


SHOWING CRUDE LOADING AND BUNKER HOSE 
ARRANGEMENTS 


combinations of gravity lines, jetty loading lines, and 
loading hoses, and more especially when vessels are 
engaged in regular runs to the loading port, the loading 
rates which the vessel will take are well known, and 
whenever possible arrangements are made for the 
allocation of loading systems to meet the vessels’ 
requirements. Table III shows the gravity line, jetty 
loading line, and loading hose combinations for 
providing rates in excess of 2000 tons/hr. 

It must be emphasized that the enhanced loading 
rates over and above single gravity line capacities are 
not usually available at times of peak loading, since 
very high berth utilization takes place then, and the 
gravity line free time will rarely permit the use of 
combination gravity line systems, but whenever the 
port condition permits, vessels are loaded at the highest 
rates which they will accept, and overall rates of 4000 
tons/hr have been achieved. 


LOADING OPERATIONS—OPERATIONAL 
PROCEDURE 

With a highly flexible system which is only opera- 
tionally possible in the circumstances of exporting one 
grade of oil only, and using almost exclusively gravity 
loading, the operational side is a relatively simple one, 
but by virtue of these factors certain precautions are 
necessary to enable the operations to be carried out 
smoothly. The switchgate control at the shore end of 
the terminal is used as a focal point through which 
all information from the oil pier, tank farm, marine 
operations, and documentation office is passed, 
enabling the large degree of co-ordination which is so 
necessary in handling eight to nine ships per day, to 
be done so smoothly. 

To avoid any possibility of line draining, all lining 
up of loading systems is carried out successively from 
the highest points of the loading system through to the 
loading valves at the ship’s side, namely, the tank or 
tanks in the Ahmadi tank farm (at 400 ft above sea 
level) are lined up first through the tank laterals to 
the main gravity line loading manifold. Then, lining 
up is carried out at the switchgate manifold before 
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DOUGARY : MODERN CRUDE OIL LOADING 


TABLE 
Tanker Time 
Berth No.6 
Operational Times | 
Time | Time Time Total Time 
Notice between Bn | fone Mao from from de- | time in between 
Arrival of notice de | Time to com aires b- completion parture port com- 
Vessel at of pa deballast : ‘ Total of Time from from N/R) pletion 
readiness from pletion spection 
anchor- +6 load readiness | . .chor from deballast- | and com- | ime to loading in to of 
, time and de- arrival load to de- berth tocom- | ex berth | loading 
and date parture ; at berth gM parture pletion or to docu- 
and date arrival tank in- ment of 
from becth loadin from of docu- clear- ments 
anchorage | berth ments ance signed 
1 2 3 4 5 6 7 8 9 10 ll 12 13 14 
World Enterprise . | 0700 | 31 | 0700 ) 31 Nil 1-36 4:49 0-10 0-05 19-50 1-00 25-54 1-15 28-45 2-15 
British Bulldog 0942 1 | 0942 | 1 0-33 1-09 3-56 0-10 0-35 10-45 2-00 17-26 Nil 19-08 1:25 
Olympic Laurel 0820 2 | 0820 2 Nil 0-40 4-40 0-05 0-10 11-35 1-48 18-18 0-27 19-25 2-15 
Wallowa 1130 3 | 1130 3 Nil 1-00 3-35 0-05 0-10 9-50 1-40 15-20 Nil 16-20 1-40 
Beaufighter . 0454 4 | 0454 4 Nil 0-46 5-30 0-10 0-10 11-35 1-37 19-02 Nil 19-48 1-10 
Kl Mirlo 0445 5 | 0445 5 Nil 1-07 7-38 0-05 O15 12-35 2-03 22-36 Nil 23-43 1:25 
Wilstar 6 6 Nil 0-55 3-05 0-05 0-05 6-45 1-23 11-23 Nil 12-18 1-05 
La Cruz 0530 7 | 0530 7 0-35 0-51 3-19 0-10 0-30 13-45 1-18 19-02 0-32 21-00 1-50 
Rogue River 0600 | 11 | 0600 | 11 0-30 0-45 10-05 0-10 0-10 9-45 2-05 22-15 Nil 23-30 1:30 
Sovac Daylight 0410 | 12 | 0410 | 12 2-05 0-42 6:33 0-10 0-30 16-45 1-50 25-48 0-45 29-20 2-35 
Esso Southampton | 1210 | 13 | 1225 | 13 Nil 0-31 4-59 0-10 0-10 15-40 1-09 22-08 1-16 25-55 2-26 
World Concord. 5 | 15 | 0645 | 15 Nil 0-45 5-55 0-10 0-10 9-45 1-12 17-12 0-43 18-40 1-55 
Chisholm Trail 0615 | 16 | 0615 | 16 Nil 0-30 715 0-10 1-05 15-10 1-10 24-50 0-30 25-60 1-40 
Vanessa 1134 | 17 | 1134 | 17 Nil 0-31 5-35 0-10 0-10 12-30 1-25 19-50 1-05 21-26 2-30 
Clutha River 1030 | 18 | 1030 | 18 Nil 0-32 5-18 0-10 0-10 10-45 3-02 19-25 0-18 20-15 2-50 
Oaltex Glasgow 0833 | 19 | 0833 | 19 Nil 1-07 3-50 0-05 0-20 9-55 1-00 15-10 0-35 16-52 1:35 
Tank Emperor 1052 | 20 | 1052 | 20 Nil 0-40 6-28 0-10 0-20 8-15 2-07 17-20 Nil 18-00 1-55 
Johannishus 0900 | 21 | 0900 | 21 Nil 0-33 6-47 0-05 0-15 9-50 2-14 19-11 Nil 19-44 1-45 
Storheim 0500 | 22 | 0500 | 22 Nil 1-20 5-25 0-05 0-20 10-20 1-12 17-22 0-17 18-59 1-29 
British Glory . | 0735 | 24 | 0735 | 24 Nil 0-43 8-52 0-10 0-10 10-15 1-30 20-57 Nil 21-40 1-00 
Baron Kilmarnock | 1237 | 25 | 1237 | 25 Nil 0-43 4-40 0-10 0-10 10-50 2-15 18-05 Nil 18-48 1-20 
Algol . . . | 0800 | 26 | 0800 | 26 Nil 0-43 3-22 0-05 0-25 10-05 1-15 15-12 0-35 16-30 1-50 
Rudolf Andersson 1010 | 28 | 1010 | 28 Nil 1-23 4-27 0-10 0-05 10-20 1-00 16-02 0-20 17-45 1-20 
Purfina France 1230 | 29 | 1230 | 29 Nil 0-40 7-55 0-05 0-05 10-00 0-40 18-45 0-50 20-15 1-30 
Symra 0815 | 30 | 0815 | 30 Nil 0-35 4:25 0-05 0-10 8-15 1-10 14-05 Nil 14-40 1-05 
25 Total 3-43 20-47 | 138-23 | 320 | 645 | 285-05 | 39-05 | 479-88 928 | 506-36 | 43-24 
Average 0-09 0-50 5-32 0-08 0-16 11-24 1-34 18-54 0-23 20-16 1-44 
TABLE 
Tanker Time 
Summary 
of 
Berths 


{excluding submarine berths] 


Operational Times 


Notic between | petween from between between 

Arrival notice _| Time to completion! departure port 

at of departure | deballast ‘Total of ‘Time from | from N/R | “™mPletion 

anchorage, to load readiness anchorage from deballast- an time to loading - berth Lee loading 

ne time de and and ing to | commence- load de berth to docu- 
and date | and date | [parture | arrival | berth tanks ment of Pp ments 

Berth Vessels from h tio loadi from of docu clear signed 

anchorage at bert — ading berth ments ance 
1 2 3 4 5 6 7 8 9 10 ll 12 13 14 

1 24 -- _- 11-44 17-45 107-05 2-45 7-20 248-45 31-34 397-29 9-31 436-29 34-00 
2 32 _ _- 22-11 22-40 173-18 415 8-30 306-35 44-11 536-49 14-54 596-34 54:55 
3 30 _ — 11-55 21-32 166-57 3-55 12-45 291-45 42-09 517-31 14-35 565-33 51-25 
4 26 _: ~- 5-44 20-41 141-22 2-50 7-10 253-20 32-00 436-42 22-06 485-13 52-05 
5 23 _- - 5-42 18-15 114-15 3-05 7-50 229-15 38-30 392-55 8-42 425-34 38-10 
6 25 — — 3-43 20-47 138-23 3-20 6-45 285-05 39-05 472-38 9-28 506-36 43-24 
9 15 -- - 3-07 10-27 87-17 2-05 7-25 160-45 23-55 281-27 7-03 302-04 27-20 
10 17 _- _ 22-21 12-27 98-11 2-15 8-50 200-40 25-24 335-40 15-26 385-54 87-10 
Total 192 - = 86-27 144-34 1,027-08 24-30 66-35 1,976-10 276-48 3,371-11 101-45 8,703-57 338-29 
Average —— — a 0-27 0-45 5-21 0-08 0-21 10-18 1:27 17-33 0-3 19-17 1-46 


2 
| 
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TECHNIQUES AT MINA-AL-AHMADI, KUWAIT 
IV 
Analysis Record 
Month : September, 1953 


Loading details 


Average | Loading Hours 

loading | rate re-| delay 
rate, | quested, due to 

tons/hr | tons/hr weather 


Remarks 


16 1 18 19 
230,880 | 11,641 | 31,216 | 1,574 2,000 
197,783 | 18,898 | 26,826 | 2,495 4,000 - Inadequate notice given of 

changed E.T.L. 

206,658 | 17,838 | 28,016 | 2,419 
115,465 | 11,742 | 15,592 | 1,586 
114,715 | 9, 15,511 | 1,339 

85,488 | 6,975 | 11,544 942 


70,308 | 10,406 


te 
tors tom 


26. Ship lining up. 29. Suspended 
loading—leaking hoses. 
1,652 


ts to 


9,500 
196,060 | 14,269 | 26,651 1,938 3,000 


26. Ship lining up. 


112,188 | 11,501 | 15,170 | 1,556 | 1,500 
186,348 | 11,132 | 25,208 | 1,506 | 4,000 


14, Pressure of work—three ships 
completed within 45 min. 

145,279 9,278 | 19,638 1,254 1,200 

226,649 | 23,650 | 30,684 | 3,202 3,000 


cote 


29. Suspended Joading—overtiow on 
rd. 
112,140 7,916 | 15,152 1,070 1,000 ! 2 Ni vi ) i “ . Suspended loading—ship’s pur- 


poses. 

128,108 | 10,249 | 17,309 1,385 3,000 2 Ni Ni vi vi vi vi . Documents on board 40 min. 

before completion. 

129,551 | 12,051 | 17,516 1,629 1,500 p Ni Ni vi i +3 } . Completed bunkers to clearance. 
Documents delayed due to 
master’s desire to see his ship 
anchored off jetty before leav- 
ing bridge to sign documents 

Ship lining up. 
. Ship lining up. 

26, Ship lining up. 

Ship closing tank lids. 


10,771 | 14,447 
20,907 | 23,396 
11,471 | 15,232 
12,550 | 17,618 

7,547 | 10,451 
11,731 | 16,266 


to te to to 
be bo bo bo 


. Suspended loading—checking 
eargo. 10. Other shipping 
movements. 

136,748 | 13,562 | 18,479 
127,482 | 11,951 | 17,233 

114,607 | 11,461 | 15,476 
94,582 | 11,464 | 12,765 


3,450,226 466,896 
138,009 | 12,192 | 18,676 


Analysis Record 


Month : September, 1953 


Loading details 


Hours Hours 
delay delay 
berthing ip’s await- 


Loading 


te 
able, | opera- ing 
tons/hr ines weather bunkers 


Average Net Average | Loading Hours 
loading tins loading | rate re- 
rate, rate, | quested, 


bri/hr loaded tons/hr | tons/hr 


Remarks 


16 17 

11,115 | 369,108 
13,396 553,272 
13,557 | 521,640 
12,980 445,770 
13,387 | 416,515 
12,192 | 466,896 
1,667,033 | 10,669 | 225,808 
2,432,977 | 12,570 | 328,884 


3 


Weather deluys : 
0830/10-2).00/10 = 12-30 hr 
12-30 br 


e> 


ssesusss~ 


24,540,753 3,327,893 
127,816 | 12,602 17,333 


to 


ou 
Da 


.B.—" Hours DELAY DUE TO WEATHER” is the amount of time that a vessel is in port 
and awaiting berth, during a period of bad weather. 


| 
Delays 
| Num- Hours | Hours — Hours | Hours | 
; Net |icedie | Net | | delay | delay | SUSY | delay | delay a os 
barrels tons | berthing| ship’s await- | miscel- 
loaded bri/hr loaded | | opera- | pur- loads ing | laneous 
: | used used | | 
2,500 |2and3 Nil | 0-35 0-30 | Nil Nil | Nil 
| and 5 
a 1,500 | 3 “EL, Nil | 0-30 Nil Nil | Nil Nil : 
“wi | 343 | 200 | 235 | 0-30 | 205 
| 1,660 | Nil 0-09 0-05 0-06 0-01 0-05 | i 
Delays 
Hours 
Net | delay 
barrels miscel- : 
loaded | laneous : 
reasons 
| | | | | 
18 | 2 | 2 | 22 23 24 25 28 
1,507 — Nil 11-44 3-05 
1,760 | - - — | Ni 5-44 Nil | 
1,660 | — Nil 3-43 0-30 
| 1,445 — |, Nil 3-07 Nil 
| 4706) — — | — | — | — | 785 | 1440 1-50 
| |-|- 13-35 | 72-52 
1,709 - 0-04 | 0-23 
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SWITCHGATE CONTROL MANIFOLD OPERATOR OPENING LOAD- 
ING VALVE 


making such alterations as are necessary on the loading 
piers, leaving only the loading valves at the ship’s 
side to be opened when loading is required to be 
started. 

Experience has shown that it is expedient to cut 
back loading rates nearing the termination of loading 
to avoid any possibility of line draining from the 
gravity line system (this is convenient as far as the 
loading vessel is concerned while topping up tanks). 
Minimum tank dips have been established, as well as 
minimum loading pressures on which loading may be 
completed. For gravity lines 1-5, a minimum 
pressure of 120 p.s.i. is obligatory for the last 1500 
tons of cargo, and for gravity lines 6-8, a minimum 
pressure of 130 p.s.i. is required for the last 2000 tons 
of cargo. After loading has been completed and the 
loading valves at the ship’s side closed, the whole of 
the loading system from there through to the tank or 
tanks in the Ahmadi tank farm are left open for a 
minimum of 20 minutes from the completion of 
loading. This being done to ensure accuracy in the 
final dip of the tank used for loading. Appreciable 
surging takes place at the time of shutting off of the 
loading valves at the ship’s side, and the delay in 
taking final dips is to allow static conditions to be 
re-established. 


MANPOWER REQUIREMENTS 


The operational aids which have been provided are 
designed not only to enable ships to be loaded and 
despatched with the greatest expediency, but also to 
allow this to be done with minimum manpower 
requirements. In March 1955, 243 crude oil cargoes 
were completed and despatched. As far as terminal 
and tank farm staff were concerned (but excluding 
marine staff), 132 men were employed in these 
operations, the vast majority of whom are employed 
on shift duties round the clock. Of special interest is 
the chief loading co-ordinator, and under his control 
four loading co-ordinators, who work on a shift basis. 
These men, as their designation suggests, use all 


means at their disposal to reduce the overall berth 
time occupied by vessels using the terminal. Their 
duties involve keeping an up-to-the-minute assess- 
ment of loading and bunkering operations to enable 
the fullest use to be made of the crude and bunkering 
facilities. Their primary objective is the optimum use 
of the gravity line and loading systems. Liaison is 
maintained with the marine operations department, 
providing an up-to-the-minute picture of loading 
operations so that vessels awaiting berth may be 
alerted to be ready for earlier berthing if a speeded up 
turn around of vessels already in berth can be achieved. 


TANKER TIME ANALYSIS RECORDS 


In order to effect the maximum stream-lining of 
crude loading operations, a number of the oil com- 
panies operating crude terminals in the Persian Gulf, 
in the Mediterranean, in the U.S.A., and in Venezuela 


' SWITCHGATE CONTROL MANIFOLD—GENERAL VIEW CONTROL 
ROOM 


maintain records of all the operations, direct loading or 
otherwise, connected with oil shipments. In essentials, 
it is a time study of all those operations connected 
with loading split into easily recognizable simple 
operations. An outstanding merit of this tanker time 


TaBLe VI 
T'anker Operational Times, 1946-51 


1951 
1693 


br min} br min 


1946 1947 1948 1949 
Number of Vessels 61 | 168 436 802 
hr min} hr min} br min 
Arrival in port to 

arrival at berth . 17 16 
Arrival at berth to 
commence dis- 
charging ballast . 
Discharging ballast . 
Finish ballast to 


5 19 


4 


Loading time 7 14 
Completion loading 

tosailing . ° 35 3 7 
Time in berth ‘ 29 «66 24 24 
Time in port . f 46 40 40 25 24 


Average cargo loaded: 
tons . 12,581 14,975 | 16,235) 15,725 
bri. 93,703 110,528 | 119,934 | 115,969 

Average loading rate : 
. 838 1,019 1,604 1,583 


tons/hr ’ 
bri/hr 6,241 7,540 | 11,130) 11,714 


1 
5 
commence loading 1 40 os 
5 
1 


q 
12 
5 
= 
| 973 
a |  — 
| 
— 4|/— 13 
- 31) — 38 
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Taste VII 
Abbreviated Tanker Time Analysis Records, 1952-55 


| | | Average 1954 | February 1955 


} 
Sept. |Average| Sept. | Average 
1952 1952 1953 | «1953 


= 
| 
| 
| 


Number of ships 185 197 204 


Operational Times : hr min in’ hr min} hr min} hr min} hr min} hr min; hr min in | hr min 
(1) notice of readiness 
d departure from anchorage | 11 12) 4 27; 4 6 3 52) 11 
(2) Time between departure from | ; 
anchorage and arrival at berth | - 48 | — - _ _ — 
(3) Time to deballast from arrival at z 
berth 


5. | 5 46 5 
lasting to tank inspection 08 
(5) Time from tank inspection to 
commence loading 
(6) Total time to load ‘ 
(7) Time from completion of loading | 
departure from berth . 1 35 
(8) Time from eee from berth 
to sailing . 3 - 3: 05 
(9) Total time in port . | 38 y 
(10) Total time between completion of 
loading to documents signed . § 3 
(11) Total in berth . 
Delays 
(1) Weather delay 
(2) Awaiting berth 
(3) Ship’s purposes 
(4) Awaiting cargo or loading system 
(5) Awaiting bunkers 
(6) Miscellaneous . ‘ 
Cargo and Loading Details 
(a) Net i loaded : 


36 


(4) Time from completion of ‘debal- [ 
43 


14,388 
106,763 


: 5, 16,207 16,890; 18,363; 14,861 19,009 
| 118,117 119,568 | 127,816 | 124,714 | 135,782 | 110,083 | 140,826 | 
(6) Net loading rate : 
tons/hr : ? ‘ ‘ 1,488 1,561 1,709 1,635 1,732 1,356 1,751 
bri/hr . 10,999 | 11,241} 11,519] 12,602] 12,298) 12,803) 10,053; 12, 970 


1,384 
10,272 


| 
| 
| 
| 
| 


* Excluding January and February. 


analysis is that it enables “bottle-necks” to be easily time to time since then. This has especially applied 

discernible and remedial action to be taken if there is at times when the port was operating at peak capacity, 

an economic justification. for it. for example, in April and July of 1951. Detailed 
systematic analyses were not, however, introduced 
until March 1952. 

In preparing the tanker time analysis, the relevant 
operational times and details and delays are tabulated 
for each berth. A typical month’s record is shown in 
Table IV. The individual berth analysis are con- 
solidated into a final analysis, as shown in Table V. 
The analyses are divided into three sections: (a) 
operational times; (b) loading details; and (c) delays 
incurred. 


(a) Operational Times 

Column 2 shows arrival time, and 
Column 3 notice of readiness to load. Any difference between 
SWITCHGATE CONTROL MANIFOLD—GENERAL VIEW these two times will be ship’s responsibility, i.e. requiring 

engine repairs prior to loading. 

e 2 . Column 4 shows time between notice of readiness and de- 
The more important operational times and details parture from anchorage. This could cover a number of 
of loading operations have been maintained from the contingencies, e.g. unfavourable weather and sea con- 
start of exports from Kuwait in June 1946, and more 6. of shipping con- 


. : gestion, or during hours of darkness (this would appl 
detailed spot analyses have also been carried out from only on rare ret and only to inside berths). PPy 


13 
eo | Crude | Crude 
Jetty |  sub- Jetty sub- 
| marine * | marine 
199 | 10 199 | ll 
09 | — 08 
24; 1 Ol 
39 2 24 
40|— 02 
31; 25 51 
56! 2 08 
08 
45 
10 ; 
10 
40 
Nil 
53 
| 
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TaBLe VIII 
Loading Rates v. Time to Load 


(b) Loading Details 

Columns 15 and 17 show net barrels and net tons loaded. 

Columns 16 and 18 show the overall average loading rate in 
bri/hr and tons/hr, and takes into account the slowing 
down in loading rates at the conclusion of loading as 
required by terminal operational instructions, and in 
many cases to meet ship’s requirements during tank top- 
ping up operations. 


| Maximum | Minimum | Average | Average 
Woue loading | loading | loading | time to load 
rate rate rate 
tons/hr tons/hr tons/hr hr | min 
1946 1,153 511 865 14 34 
1947 1,125 413 838 15 30 
1948 1,266 510 936 15 49 
1949 3,078 312 1,019 14 37 
1950 3,636 549 1,504 ll 25 
1951 3,856 422 1,583 10 23 
1952 3,959 245 1,519 10 54 
1953 1,635 10 20 
1954 1,732 10 55 


Column 5 shows time between departure from anchorage and 
arrival at berth. This is a reasonably constant time, and 
would only vary from the average appreciably if a vessel 
anchored well away from the oil pier precincts. 

Column 6 shows time of deballasting from arrival at berth. This 
is largely a ships’ matter and outside the control of the 
terminal personnel, although normally a minimum ballast 
quantity is insisted on, according to the size of the vessel, 
to avoid possible damage to the jetty structure during 
berthing operations. There are wide variations in the de- 
ballasting times, and usually the older vessels using the 
terminal are responsible for the greatest delays prior to 
loading from this cause. At something over 5 hr per 
ship, it represents the major non-useful time during berth 
occupancy. 

Column 7 shows time from completion of deballasting to tanks 
inspected, and should normally not exceed 10 minutes. 

Column 8 shows time between tanks inspected and commence- 
ment of loading. Times occupied under this heading are 
normally a ship’s responsibility, and would include such 
operations as tightening down tank lids and lining up 
operations aboard. Abnormally high timings under this 
heading occur as a result of a ship advancing unduly her 
time to commence loading, and also when the shore load- 
ing system is unavailable. 

Column 9 shows total time to load. This is a factor which is 
influenced by the size of the vessel, the rates at which the 
master is prepared to load, and the loading rates which 
the terminal can provide. These factors are described 
in greater detail in a later section of the present paper. 

Column 10 shows time from completion of loading to departure 
from berth. Time occupied under this heading is for dis- 
connecting of loading and bunkering hoses and unmoor- 
ing operations. The variations from the average time 
can occur when the _ is operating at less than full 
capacity, because in these circumstances a net saving in 
ship’s time is accomplished by having ship’s papers 
signed while the vessel is alongside rather than proceeding 
to the anchorage while waiting for this to be dime. 

Column 11 shows total time in berth. This is the sum of 
columns 5, 6, 7, 8, 9, and 10. As a generalization, it is 
interesting to note that of the total berth time, approx 
only 60 per cent is used in actual loading operations, the 
remaining 40 per cent being used for operations other 
than direct loading, and that of this 40 per cent approx 
65 per cent is in deballasting time. 

Column 12 shows the time from d ure from berth to 
completion of documents. Only positive timings under 
this heading occur when ship’s papers are not signed 
alongside the loading berth and when the vessel requires 
to anchor after leaving berth. 

Column 13 shows total time in port from notice of loading to 
departure from berth or documents signed. This factor 
represents the total time in port, including anchor time. 

Column 14 shows time between completion of loading to 
documents signed. Every effort is made here to have 
documents signed prior to the vessel leaving berth, but 
at times of full berth occupancy it is the exception rather 
than the rule for ship’s papers to be signed alongside, 
since it is almost always possible to complete unmooring 
operations before ship’s papers can be prepared. 


19 shows loading rate requested in tons/hr. This 
figure is the maximum rate at which the vessel will receive 
cargo and will in these circumstances, even if the rate is 
available, be in excess of the actual average loading rate 
achieved. 

Column 20 shows the loading rate which the terminal facilities 
could provide, and will vary according to the gravity line 
or combination of gravity lines which were available for 
the particular berth at which the ship was tied up. 

Columns 21, 22, and 23 are for record purposes only and for 
providing statistical data when carrying out studies 
connected with loading operations. 


Delays Incurred 


Column 24 shows hours delayed owing to weather. Under 
this heading only delays are recorded when berthing 
operations are actually suspended. 

Column 25 shows hours delay, berthing operations. Delays 
under this heading would include those incurred by vessels 
held up as a result of weather delays from the time that 
berthing is resumed after unfavourable weather. Also 
delays resulting from shipping congestion under normal 
bunching conditions, and delays during hours of dark- 
ness when inside berths are not used. 

Column 26 shows delays for ships’ purposes, and covers a 
number of widely varying factors. 
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Column 27 shows delays awaiting loading system. This is an 
entirely terminal delay associated with, for example, a 
ship unduly advancing her readiness to load after berth- 
ing. It is most frequently incurred after a period of 
heavy loading when oii stocks have been denuded as a 
result of the differential botween all-out terminal loading 
capacity and all-out pumping capacity from the field 


areas. 

Column 28 shows delays awaiting bunkers. Delays under 
this heading have been largely eliminated since the 
installation of meters at individual berths for varying oil 
bunker deliveries. 

Column 29 shows miscellaneous delays, and is used for con- 
tingencies not covered by the other headings. 


A final remarks column is used to amplify abnormal timings 
and delays, and is especially useful in providing informa- 
tion should queries be raised in connexion with loadings 
after some time has elapsed. 


Table VI shows tanker operational times during the 
period 1946-51. During 1946—48, and until November 
1949, all loading operations were carried out at sub- 
marine loading berths. Of special interest in studying 
the tanker operational times during this period is the 
abnormally high times between “ arrival in port” to 
“arrival at berth.” This is largely accounted for by 
the fact that no night berthing occurred during this 
time, and by the fact that tidal conditions made it 
necessary to wait for the appropriate berth (ebb or 


ss “TINA ONASSIS APPROACHING TERMINAL BERTH 

flood), even during daylight hours. Loading times 
were all in excess of 14 hr per ship, mainly because the 
terminal had not the necessary maximum loading 
capacity, nor were vessels in many cases capable of 
loading at higher rates than those available. Even by 
1949, the average loading rate was only just over 1000 
tons/hr. With the commissioning of the oil pier in 
November 1949, a very marked improvement im- 
mediately resulted (even though night berthing was 
not introduced until some time afterwards) in loading 
rates and total time in berth, and total time in port. 
This is shown in the 1950 and 1951 records in Table VI. 
Time from arrival in port to arrival at berth dropped 
sharply to a little over 5 hr per ship. (This timing 
rose to 24 hr per ship in 1951, but this was as a result 
of a very heavy shipping congestion resulting from the 
closing down of operations in Persia.) Average 
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loading rates rose by 50 per cent to over 1500 tons/hr. 
This improvement partly resulted from an improve- 
ment in shore terminal capacity, and also by an 
increase in the numbers of larger vessels capable of 
loading at higher rates. Total time in berth dropped 
by almost 50 per cent, and total time in port by almost 
100 per cent, despite the fact that the average cargo 
lifted had risen from something over 90,000 bri to 
almost 120,000 brl per shipment. 

Table VII shows abbreviated records abstracted 
from the more comprehensive tanker time analysis 
records which were maintained from March 1952, and 
these are now discussed in detail. 


TIMES BETWEEN NOTICE OF READINESS 
AND DEPARTURE FROM ANCHORAGE 


This is a factor over which there is no real control, 
and largely dependent on the weather conditions pre- 
vailing. The influence of normal “ bunching ”’ associ- 
ated with any major loading port has a relatively 
slight effect, and the major one is the effect of un- 
favourable weather. If the two factors coincide, 
however, heavy delays will be incurred. It is inter- 
esting to compare the June 1952 times under this 
heading with those for September 1953, largely 
because of a delay of 11 hr 12 minutes resulting from 
unfavourable weather and “ bunching.” The total 
time in port for 183 vessels averaged 38 hr 44 minutes. 
In September 1953, time between notice of readiness 
and departure from anchorage for 197 vessels was only 
27 minutes, with the result that the total time in port 


‘for these vessels averaged only 19 hr 17 minutes. 


TIME BETWEEN DEPARTURE FROM 
ANCHORAGE AND ARRIVAL AT BERTH 


Average timings under this heading show little 
variation from month to month or from year to year, 
and little can be done to improve the time of approxi- 
mately 45 minutes for this operation. 
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TIME OF DEBALLASTING FROM ARRIVAL 
AT BERTH 


At around 5} hr per vessel this figure has remained 
constant, irrespective of the increase of size of the 
vessels using the port. It is usually the case that the 
older and smaller, the vessels carrying considerably 
less ballast occupy more time in deballasting operations 
than the modern larger vessels. It is apparent that 
the deballasting operations represent a very appreciable 
non-useful berth time. One of the major independent 
tanker owners had a completely segregated ballast sys- 
tem installed in a number of his vessels, which enabled 
loading to be started as soon as loading hoses could be 
connected up. The most recently built vessels in this 
tanker fleet have, however, reverted to normal practice 
for ballast arrangements, presumably because present 
tanker freight rates do not justify the additional ex- 
penditure for a segregated deballasting system. 


TIME FROM COMPLETION OF 
DEBALLASTING TO TANK INSPECTION 


No special comment on this timing, which has 
remained uniformly low at just under 10 minutes. 


TIME FROM TANK INSPECTION TO 
COMMENCE LOADING 


Every effort is naturally made to reduce this time 
to a minimum, and over a normal year’s operation 
averaged something of the order of 30 minutes. 
Causes of abnormal timings have already been 
discussed. 


TOTAL TIME TO LOAD 


This important factor is largely dependent on: (a) 
the maximum rate at which the master of the vessel 
is prepared to load cargo (in general the size of the 
vessel and its age will be a contributory factor, and 
will be discussed below), and (5) the loading capacity 
of the terminal facilities. 

Table VIII shows maximum and minimum loading 
rates and also the average loading rate for the period 
1946-54. It will be seen that the average loading rate 
per vessel has almost exactly doubled during this 
period, whereas there has been an approaching 50 per 
cent reduction in the total time to load. Both the 
factors mentioned above have contributed to enable 
these figures to be achieved. Up to the end of 1951 
the maximum loading capacity on a single gravity 
line system was about 1750 tons/hr (although by using 
combinations of gravity lines and loading lines, rates 
of up to 4000 tons/hr could be achieved), and at this 
time, as a generalization, approx 50 per cent of vessels 
were willing to accept loading rates in excess of those 
available at peak loading capacity, whereas the 
remaining 50 per cent of vessels loading were not 
prepared to accept maximum rates available. 

While the commissioning of the 30-inch gravity line 
(capacity 2450-3000 tons/hr) at the end of 1951, and in 
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1952 of a 34-inch gravity line (capacity 2700-3000 
tons/hr) and a combination 30-34-inch gravity line 
(capacity 2300-2700 tons/hr), there became available 
three high loading capacity systems, with the result 
that the loading rates requested by a large proportion 
of vessels now loading can be met. This, perhaps, 
needs qualification in that it is not always possible, 
even allowing for a large degree of flexibility available, 
to have the high loading capacity vessels berthed in 
such a way that the highest capacity loading systems 
are available to them. 

One very important factor influencing loading rates 
is the crude oil available for export. It is only possible 
to consistently achieve maximum loading rates when 
operating with high oil stocks, i.e. at least 50 per cent 
of the Ahmadi tank farm capacity. 

This has been very clearly illustrated during March 
and April of 1955. As a result of an abnormally long 
spell of unfavourable weather in mid-March, associated 
with what was in any case an extremely heavy export 
programme, there has been a congestion in the loading 
port of up to between forty and fifty ships awaiting 
berth. When loading was resumed, it was possible 
to sustain peak loadings over a prolonged period. 
During the last fortnight of March exports averaged 
1,265,000 b.d. During this period oil stocks ranged 
from high to medium levels. For the first fortnight in 
April average daily exports dropped to 1,160,000 b.d., 
even though the average size of ship loaded in April 
was higher than the average size of ship loaded in 
March, because oil stocks had fallen to levels which 
necessitated a restriction in loading rates. 


TIME FROM COMPLETION OF LOADING 
TO DEPARTURE FROM BERTH 


This time has, since 1952, shown little variation 
from just under 1 hr 40 minutes, and is normally, 
when the port is operating at peak capacity, the 
minimum time required for disconnecting, loading, and 
bunkering hoses, taking of ship’s ullages, and unmoor- 
ing operations. As is stated earlier, however, when 
the berth is not immediately required, either because 
no ship is waiting or alternatively the berth is inaccess- 
ible because of neighbouring vessels, it is normal 
practice to allow the vessel to remain alongside until 
documents can be completed, thus effecting a net gain 
in ship’s time. 


TOTAL TIME IN PORT 


This time probably shows more variation than any 
other recorded in tanker time analyses, varying widely 
from month to month, and showing appreciable 
differences from year to year. For example, in June 
1952, total time in port was 38 hr 44 minutes, in 
September 1953 it was 19 hr 17 minutes. The average 
for 1953 was 23 hr 33 minutes, while in 1954 it was 
26 hr 27 minutes. By far the greatest contributory 
factor causing variations in time in port is the weather 
delay, and delays awaiting berth, almost always 
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associated with unfavourable weather. Experience 
has shown that high total times in port have always 
been associated with high berth occupancy, and during 
the period from January 1951 to August 1952, 
statistics were compiled showing ships’ days lost per 
month against percentage berth occupancy. 

Berth occupancy is defined as : 


No. ships x Average hours in berth 
No. berths x 24 x No. days in month 


In Fig 3 percentage berth occupancy has been 
plotted against ship days lost per month in 1951 and 
1952, and also during the period January 1954 to 
January 1955. The graph clearly indicates that little 
ships’ time is lost at berth occupancy up to 55 per cent. 
The curve starts to slope steeply at about 60 per cent, 
and at 70 per cent berth occupancy very heavy ships’ 
lost time is incurred. It will be noted that during 
1954 the ships’ lost time for berth occupancies below 
70 per cent fall below the curve appropriate on the 
basis of 1951-52 loading operations. The reason 
for this was that in 1954 from March onwards ad- 
ditional submarine berths were available to partially 
relieve the load on the jetty. The use of the submarine 
berths has, however, been intermittent, in that their 
use can be justified only if it results in a net saving in 
ships’ time, and this is only possible when crude oil 
stocks are high enough to permit loading at normal 
gravity line capacity. 


TOTAL TIME BETWEEN COMPLETION OF 
LOADING AND DOCUMENTS SIGNED 


Prior to comprehensive tanker time analysis records 
being maintained, the time for documents to be com- 
pleted, i.e. signed on board after completion of loading, 
was high, averaging 3 hr 24 minutes in June 1952. 
Steps were taken to reduce this time by providing 
office accommodation for documents’ staff on the oil 
pier, and by using the “ Loading Co-ordinators ’’ to 
speed up the flow of relevant data required for the com- 
pletion of documents. By September 1952, docu- 
ments time had been reduced to | hr 55 minutes, and 
although the average for 1952 was 2 hr 15 minutes, 
since then the yearly averages have been between | hr 
45 minutes and 2 hrs. 

Under the most favourable conditions, documents 
times of less than 1 hr have been achieved, but this 
is dependent on several factors, such as relatively 
small documentary requirements, relatively even load- 
ing completion programme (it sometimes happens that 
up to four to five ships may complete loading inside 
30 minutes, this inevitably prolongs documents time), 
and the port condition permitting documents to be 
placed aboard while the vessel is still alongside. 

Factors not mentioned previously which contribute 
to abnormally high documents times are exceedingly 
heavy documentary requirements for shipments to 
certain countries, and the master’s pre-occupation 
during unberthing operations. It is not anticipated 
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that any marked improvement in documents time can 
be achieved under present conditions. 


TOTAL TIME IN BERTH 


Timings under this heading have remained fairly 
constant during the period 1952-55 at between 18 and 
19 hr, despite the fact that the average cargo loaded 
has risen from just over 16,000 tons to almost 19,000 
tons, the reason being that terminal loading capacity 
has been stepped up to at least match the increase in 
ships’ sizes, and that masters of the larger vessels are 
prepared to accept higher loading rates. The size of 
ship loaded plays a most important part in determining 
the port capacity, since of a total time in port of 
between 18 and 19 hr, only between 10 and 11 hr are 
used in direct loading. As far as the terminal is con- 
cerned, only about 60 per cent of berth time is usefully 
employed. Asa generalization, the non-loading berth 
time remains more or less constant, irrespective of the 
size of vessel, and there is no doubt, with all other con- 
ditions being equal, that the increases in size of vessels 
appreciably up-grades the loading port capacity. 

Table LX shows size of tanker and time to load. 


Taste IX 
Size of Tanker v. Time to Load, 1946-54 


Largest Average 
cargo cargo 
loaded, loaded, 

tons 


15,848 
17,034 
26,281 
29,267 
29,125 
29,200 
30,964 
35,433 
39,696 


1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 


Table X shows a break-down of ship’s sizes loading 
at the Mina-al-Ahmadi terminal during the period 
1951-54. It is of considerable interest that the under 
10,000-ton ship in 1954 has fallen to less than three per 
month. The over 20,000 tonner has increased from 
twenty-five per month in 1951 to nearly sixty per 
month in 1954. 

By reason of the geographical location of the Mina 
terminal it can reasonably be anticipated that further 


TaBLE X 
Size of Tanker by Tonnage 


10,000— 
14,500 
tons 


14,501-— 
20,000 
tons 


546 
771 
665 
500 


716 
968 
1,188 
1,261 


Time 
| hr | min 
5,484 12,581 15 30 
ie 7,775 14,323 15 49 : 
7,614 14,975 14 37 
7,601 16,235 11 25 a 
5,042 15,725 10 23 
4,677 15,920 10 54 : 
6,525 16,880 10 20 < 
8,458 18,239 10 55 
Under Over 
P Year 10,000 20,000 Total = 
tons tons 
1951 138 293 | 1,693 
1952 118 390 2,247 ce 
1953 69 513 2,435 : 
1954 33 713 2,497 oe 
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substantial increases in the numbers of large, fast- 
loading vessels using the port can be expected. Pro- 
vided matching production and pumping facilities are 
provided, existing terminal facilities are capable of 
still further increases in loading capacity. 


CONCLUSIONS 


The following are essential requirements for a 
major crude oil loading terminal to ensure maximum 
output with minimum delays : 


(1) Field production and pumping facilities to 
at least equal maximum port loading facilities. 

(2) If the conditions in (1) cannot be met, 
sufficient tankage should be provided to enable 
oil stocks to nullify any differential between 


loading capacity and production and pumping 
capacity from the field areas. 

(3) The provision of the maximum automatic 
and remote control which is economically justified 
on the basis of: (a) achieving the best tanker 
turn around, with (6) the minimum of manpower. 

(4) The maintenance of operational records to 
enable bottle-necks in loading operations to be 
easily discernible and remedied where economical 
justification can be provided. 


ACKNOWLEDGMENTS 


The author thanks the managemeut of the Kuwait 
Oil Co. Ltd., for permission to publish this paper, and 
his colleagues in London and Kuwait for their advice 
and assistance in its preparation. 


DISCUSSION 


J. M. Jefferies: Mr Dougary has collated an enormous 
amount of detail data, and I sometimes think people 
imagine that this is collected merely to be lost on files. 
The paper demonstrates adequately that in this case it is 
not so, because without much of this information, tankage, 
loading lines, and the organization would not have been 
available in time to meet the extremely rapid growth in 
the tonnage of oil shipped from Kuwait during the past 
six or seven years. 

It is now many years since I was directly concerned 
with loading crude vessels, but with the advent of the 
large refineries in the U.K., I have been concerned with 
i rts of Kuwait crude, which form a major part of 

ery operations. But even as long ago as the early 
thirties we were loading in Venezuela, small lake tankers, 
at about 1500-2000 tons/hr. Unfortunately, these load- 
ing rates had to be reduced because of foaming in the 
ships’ tanks. I would like to know whether this pheno- 
menon has been experienced in Mina-al-Ahmadi, and if so, 
how has.it been overcome? 

Another subject which has been much discussed by my 
company, is the build-up of waxy sludge in ships and 
shore tanks. After very careful investigations, we de- 
cided that by not allowing the temperature of the crude 
to fall below 85° F whilst in transit, the sludge deposit 
was considerably reduced, if not eliminated in ships’ 
tanks. I presume it is because of the very short resi- 
dence time the crude remains in storage at Mina-al- 
Ahmadi that this is not a major problem there. However, 
I would ask Mr Dougary to confirm whether this assump- 
tion is correct, and if not, what do they do with the sludge. 
Are tank bottoms being shipped as crude? 

With shipments of Kuwait crude approaching the 
million tons per week mark, I am surprised that the 
tankage capacity in Mina-al-Ahmadi is not more than 
600,000 tons, or only about four days storage. Is this 
the total available, or is the Mina-al-Ahmadi tankage 
only for shipping purposes with further storage back in 
the fields. 

Remote liquid level indicators are beco more 
generally used, especially on off-site facilities at solution 
and although the author does not say so, I presume that 
high and low level alarms are used at Mina-al-Ahmadi. 
My company would consider that with such a high rate of 
in-take and off-take to and from the tanks, that this 
device was essential. The first major mishap would 
condemn liquid level gauges for a very long time, especi- 


ally with Customs authorities. What is novel, although I 
cannot say much about them, is electrically remote- 
controlled valves installed on crude storage tanks and 
ancillary pipelines. Without a doubt, this is a facility 
which must be appreciated by the personnel who are 
actually responsible for setting the valves, especially 
under a tropical sun. However, I feel that it is only at 
loading ports such as Mina-al-Ahmadi, where a very large 
volume of crude is handled, that such a system is justified. 

Mr Dougary has laid considerable emphasis on berth 
occupancy and tanker turn round, and has given a lot of 
statistical detail. In the event of extra berthing capacity 
being required, say, at the loading pier, would additional 
loading lines and tanks also be installed? The actual 
time the existing loading lines are used is no more than 
69 per cent of the useful time the ship is in berth, and it 
therefore appears that there is a case for extra berths 
without necessarily increasing the number of loading 
lines or tanks. 

It may not be long before positive displacement 
meters, either used singly or in parallel, are available for 
high rates for rolling crude cargoes. After noting the 
accuracy of the figures given—they are better than one- 
tenth of one per cent for the deliveries of heavy fuel as 
bunkers—I feel that many meter manufacturers will be 
enco ed to meet the demand for this equipment. 
Such meters would certainly cut down capital expendi- 
ture on storage tanks and shipping lines, and also con- 
siderably reduce the time rs fom to prepare loading 
documents. 

Referring to Mr Dougary’s conclusions, I would ask 
him to clarify Item 1. To say that production and 
transfer rates on the field must at least equal loading 
rates, is to put the cart before the horse. Surely, 
at no time must production be restricted because of the 
lack of loading facilities. I suggest that the loading rate 
should be at least 50 per cent greater than the rate of 
production. 

It is the considered view of those in the know, that the 
world demand for energy will be doubled in the next few 
years. Coal production is said to have reached its peak 
and may decline. Atomic energy and hydro-electric 
schemes are not likely to make any great impact during 
this time. The burden will therefore fall upon petroleum 
Pe oor ten It would be interesting to know if the Kuwait 

ilities are being scaled up to meet this ever increasing 
demand for energy. 
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J. M. Dougary: Mr Jefferies raised seven points. ‘The 
first referred to foaming taking place at tanker loading 
rates of 2000 tons/hr in operations he was connected with 
in Venezuela. This is something that we have not 
experienced in any way in our operations at Mina-al- 
Ahmadi. Although rates of over 400 tons/hr have not 
been infrequent, there have been no complaints or evi- 
dence of foaming occurring. Whether this is owing to 
the characteristics of Kuwait crude or the difference in 
design between the modern tank vessels and the shallow 
draft tankers which were in use in Venezuela I am not in 
@ position to say. 

he second point—sludge build-up. No, sir, we do not 
ship sludge as crude. (Laughter.) All our crude export 
tankage is fitted with a baffle 2 ft 6 inches high inside the 
tank at the outlet nozzle so that at least 2 ft 6 inches of 
sludge would have to be built up before there was any 
chance of sludge being shipped along with the crude. 
(Tests carried out on all our crude cargoes have shown a 
maximum B.S. & W. of 0-2 per cent.) As Mr Jefferies 
has said, the reason why we do not have any trouble 
with sludge build up is mainly that the oil has a very 
small residence time and minimum crude oil temperatures 
are normally in excess of 60° F. In this connexion, my 
General Manager never refers to our export tanks as 
“storage tanks” but as “operational tanks.” Despite 
what I have said, there is a build up of sludge in our 
export tankage over the years, but it is extremely slow, 
 aotnge Ss of the order of 1-2 inches p.a. Only now has it 

nm found necessary to desludge the tanks which were 
erected and commissioned ten years ago, the sludge levels 
having risen from | ft 10 inches to 2 ft, still some 6 inches 
below the level of the baffle. 

I have partially answered Mr Jefferies question about 
tankage in my preceding comment. Our tankage is not 
regarded as storage but as operational tankage. Thus, 


we have the minimum tankage that can reasonably be 
expected to handle the export rates required. Mr 


Jefferies is quite right, we have only a very little over four 
days capacity at all-out rates from the field, from com- 
pletely empty to completely full. Taking into account 
unavailable bottoms, i.e. below the floating roofs at point 
of grounding, tanks that are filling from the field and in 
export operations, we do not have much more than one 
to two days actual operating space. Apart from the 
export tankage, we have a little additional storage in the 
fold otaam at the individual gathering centres, this prob- 
ably amounts to 600,000—700,000 bri, in all, spread over 
ten gathering centres, and is used only in an emergency. 

The fourth point Mr Jefferies raised concerns high and 
low level alarms for the liquid level gauges. These have, 
in fact, been provided on some, but not all of the liquid 
level gauges. I do not know whether it is that the opera- 
tional men have been very much “ on the ball,” but in the 
whole of our ten years of operations there has been only 
one case, and this only a slight one, of a tank over-flow. 
It was spotted immediately and remedial action taken. 
Our present thoughts are, however, that at the very high 
export rates now being made we should be well advised to 
have our tankage fitted with high and low level alarms on 
the liquid level gauges, and this is planned. 

Mr Jefferies asked whether it would be necessary to 
provide additional tankage and additional gravity lines 
if the scale of exports called for extra berths. The answer 
is probably yes. Although only 60 per cent of ship’s time 
is used in direct loading operations while it is alongside, I 
mentioned that when other ships alongside were engaged 
in non-direct loading operations, e.g. such as deballasting, 
those ships actually loading cargo are capable of loading 
at rates in excess of a single gravity line—loading line 
system, then a second or third system is added with the 
result that we can get up to 90 per cent gravity line 
utilization. 

In regard to production facilities v. loading rates, Mr 
Jefferies said I had put the cart before the horse. I do 


not think I have. Just as long as one’s port loading 
capacity is higher than one’s maximum production rates 
from the field, a heavy accumulation of shipping is going 
to gradually bring down the oil levels in the tankage, 
thereby resulting in slowing down of loading rates (and 
aggravating the shipping congestion). One gets involved 
in premature switching of the filling tanks and the same 
thing on the tanks being used for export, which makes a 
lot of additional work for the operational staff. At 
present, our production and pumping facilities are very 
nearly in line with maximum sustainable loading rates, 
although not quite. Therefore, if we have a very long 
high loading period our storage levels are brought down 
to the extent that loading operations are slowed down. I 
say, then, that if one’s production facilities are not equal 
to maximum loading rates one has to provide sufficient 
tankage to enable loading to continue at higherrates for an 
appreciable time, ¢.e. of the order of from ten to fourteen 
days at higher rates than oil is coming in from the field 
areas. 

The final point Mr Jefferies raised concerns plans for 
increasing crude oil handling facilities in Kuwait. I am 
afraid all I can say in that connexion is that in the past 
our Management has provided facilities to take care of 
export requirements, and I have no doubt that they will 
continue to do so in the future. 


L. J. Shrubsall: May I ask Mr Dougary if there is any 
special technique for the emptying of hoses before dis- 
connecting after loading? And also whether there is any 
special snap coupling between ship and shore for emer- 
gency release in any way? 


J.M. Dougary: On the first of the two points Mr Shrub- 
sall raised, a compressed-air connexion is provided on the 
down-stream side of the loading valve on the jetty at the 
ship’s side which is used to dispose of the small quantities 
of crude remaining in the loading hoses at the conclusion 
of loading. 

On the second point, as a normal rule, loading hoses are 
connected to the ship’s connexions by bolted connexions. 
In the event of unfavourable weather, however, clamps 
are bolted on which can be snapped off at very short 
notice if so required. 


C. E. Blackman: I would like to ask Mr Dougary if 
there is any means of temperature compensation on the 
meters, and, if not, how do they overcome the problem of 
varying temperatures? 


J. M. Dougary: The Brodie positive displacement 
meter is not fitted with a temperature compensator as the 
Smith meter is. We use a temperature recorder located 
in the immediate vicinity of the meter within a few feet of 
pipeline from it. The recorder is in use throughout the 
course of the bunker delivery, so that any slight changes 
in temperature during the course of the delivery can be 
averaged out to enable the necessary temperature correc- 
tion to be made. Adjacent to the thermowell for the 
temperature recorder is a second thermowell to enable 

riodic checking of the temperature recorder with a 

PL thermometer. 


A. C. Poore: Would Mr Dougary please tell us a little 
more about the topping up operations on tankers? He 
refers to 60 per cent of the berth time being for loading 
and, at the very high loading rates, does he know if any 
great proportion of that loading time is occupied in 
topping up? Otherwise, it seems to me there is a possible 
danger of a vessel being slightly overloaded. If that does 
ever arise, then there are all sorts of complications for 
the possible return to shore of the surplus. 


J. M. Dougary: On p. 12 of the paper, figures are 
given for the minimum ing pressures required to be 
maintained at the last stages of loading. For gravity 


‘ 
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lines 1-5 a minimum pressure of 120 p.s.i. is required for 
the last 1500 tons of cargo, and for gravity lines 6-8 a 
minimum pressure of 130 p.s.i. is required for the last 
2000 tons. This in practice means that for approx 1—1} 
hr, loading rates are cut back to avoid any possibility of 
line drainage and, at the same time, this enables topping 
up operations aboard the vessel to be carried outsmoothly. 
It is very difficult to generalize because most chief 
officers responsible for handling the loading have different 
techniques. Some will load for a few hours only at maxi- 
mum rates and then cut back progressively. All ships 
are cut back during the topping up operations, from 
approx | to 1} hr before loading is completed. 


A. C. Poore: Has there ever been difficulty with ships 
being overloaded? If so, that is perhaps leaving such 
considerations a little late. 


J. M. Dougary: I can recall no instances of a ship 
actually taking more cargo than was wanted as a direct 
result of high loading rates. There have been difficulties 
as a result of not knowing the exact amount of the cargo 
to be loaded. This most frequently arising when ships 
load to draft, which is not always easy to read at times of 
rough weather. As far as I can recall, there have been 
no instances of overloading because of loading rates being 
sustained at too high local too near to the conclusion of 
loading. 


G. Heseldin: I am rather disappointed Mr Dougary 
did not mention Umm Said in Qatar as one of the crude 
oil loading ports of the Persian Gulf, and the fact that 
they also have the large 164-ft dia tanks there. 

I would like to ask if any special precautions were taken 
in the design, to prevent the rupture of the large 30-inch 
dia pipelines from the tank farm to the jetty, with the 
300-ft difference in elevation, in the event of the sudden 


’ closing of a valve at the jetty end, and whether they have 


had any troubles on this account ? 

Are there bunkering facilities at the sea loading berths 
at Mina-al-Ahmadi? And if so, do they have undue hose 
trouble, by having possibly three to five hoses at the 
berth, which would be required to load crude and supply 
the different kinds of bunker fuels ? 


J. M. Dougary: Protection has been provided to avoid 
high surge pressures which can develop if the loading 
lines can be shut off quickly. I do not know if Mr 
Heseldin recalls the layout of the jetty. In the middle 
of it we have got expansion loops to take care of the pipe- 
line expansion and contraction. On top of these, one per 
line, we have 2-inch pressure relief valves set at 275 p.s.i., 
and in the event of pressure exceeding this the relief 
valves would open. At the switchgate control manifold, 
we have another set of relief valves on each of the loading 
lines, these being set at 250 p.s.i. Loading procedure 
calls for the loading valves to be shut off at such a rate 
that the line pressure does not exceed 200 p.s.i. In the 
event of the valve being shut at too fast a rate, protection 
is provided first at the switchgate manifold and then at 
275 lb at the expansion loops on the jetty. In fact, at the 
rates which loading is carried out it is extremely difficult 
to shut the loading valves too quickly, and we do not 
regard the development of high surge pressures as being 
a particularly dangerous one. 

e second point Mr Heseldin raised was in regard to 
bunkering facilities at the sea loading berths. Of three 
berths normally used for crude oil loading, two are pro- 
vided with B.F.O. bunkering facilities and one with 
marine diesel bunkering facilities. Each berth has a 
24-inch submarine line terminating in a single 12—10-inch 
crude loading hose, and a 12-inch bunkering line ending in 
an 8-inch bunkering hose. We therefore, have no trouble 
with loading hoses becoming entangled. Even so, the 
performance of the crude and bunkering hoses has not 
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altogether been satisfactory and there have been more 
failures even during the limited times the submarine 
berths have been used than we consider reasonable. 


A. F. Dabell: Is any provision made for a crisis whereby 
shipments are arrested? Also, what is the cause of waxy 
sludge in ships and shore tanks? 


J. M. Dougary: The waxing in ships’ tanks is generally 
assvciated with low temperatures. At any time of year, 
I do not think there would be much precipitation of wax- 
ing east of Suez, but there seems every evidence that with 
vessels carrying Kuwait crude for fairly long voyages 
under winter conditions, unless heating of cargo is 
adopted, wax deposition is going to occur. I believe my 
friends in B.P. will confirm that it is paraffin wax that is 
the cause of the trouble. 


A. F. Dabell: Has any provision been made for a 
crisis ? 


J. M. Dougary: When you say “ Crisis,” I am not 
quite sure what you mean. An international crisis, or an 
operational crisis in Kuwait? If it is an international 
crisis, there is not much we can do about it. If it is an 
operational crisis in Kuwait, we have a certain amount of 
cover, and the facilities which have been provided were 
designed to take care of this sort of thing. When I went 
through the schematic arrangement, I mentioned the 
two parallel gravity line systems ending in two switchgate 
manifolds, the gravity line systems being cross-connected 
at both the tank farm end and at the shore terminal end. 
(On the tank group arrangements too, as Fig 2 indicates, 
the very full flexibility which has been provided also acts 
as a safeguard in case of an operational crisis.) In the 
event then, of say a major fire of one section of the loading 
facilities we should still be able to carry out, although on a 
limited scale, exports from the other one. There is there- 
fore some duplication of facilities and a certain amount of 
dispersal to cater for a crisis of an operational kind which 
in any organization is bound to happen sooner or later— 
we always hope, later. 


H. Hyams: In regard to automatic equipment for 
measurement, I would like to know whether the author 
agrees that unless one employs a whole range of automatic 
instruments in oil measurement operations—and by a 
whole range I mean not only the instruments required for 
automatic gauging of oil levels and average oil tempera- 
tures in tanks, but also automatic equipment for measur- 
ing gravity and for sampling—one does not really achieve 
much economy in manpower or in labour time. It 
appears that evén if the loading installation convinced 
both local Customs and the consignees of the high and 
consistent accuracy of automatic gauging equipment and 
automatic temperature measuring instruments, such as 
the Weston thermometer, the loading of cargoes still 
involves the use of operators to proceed to the top of the 
tank to draw samples for gravity and for quality deter- 
mination in the laboratory. A quality certificate is 
always required, and average samples are also wanted for 
the determination of B.S. & W. in suspension in the oil 
so as to arrive at the net quantity of crude being shipped. 
While samples are being drawn for these purposes, gaug- 
ing and temperature measurement by manual means can 
be carried out at the same time. ould Mr Dougary 
therefore agree that partial installation of expensive 
automatic measuring equipment does not yield a worth 
while economy where cargo loading is concerned ? 


J. M. Dougary: No, I do not agree entirely with Mr 
yams’ suggestion. I must say it would be a matter of 
great gratification to me if we had automatic gauges, 
automatic temperature samplers, and gravity samplers 
which eould be relied on and which would be acceptable 
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for fiscalization purposes. That is the goal I hope we 
shall reach in the not too distant future, but even the 
present operational aids undoubtedly lead to an appreci- 
able saving in manpower. For instance, the remote 
reading liquid level gauges. As I have said, we normally 
have eight tanks filling from the field and eight to ten 
tanks in movement for export purposes. Without the 
liquid level gauges for these eighteen 
tanks would have to be gauged periodically by men going 
to the top of the tank. With the gauges this necessity is 
obviated. It is perfectly true, as Mr. Hyams says, that 
for official purposes, royalty, and for shipping purposes it 
is still necessary for men to go to the tank top to carry 
out gauging, temperature measurements, and sampling, 
but what we have done is to eliminate the necessity for 
this being done for operational purposes, i.e. in determin- 
ing when switching of tanks is necessary, either in filling 
from the field or for loading purposes, and this has enabled 
a cut in manpower to be made even with an appreciable 
rise in export rates simply by virtue of the fact that the 
men we have got are doing the things that we have no 
operational aid to help them to do. ‘Thus, the gauging, 
sampling, and so on for official measurement purposes, 
but in all the intermediate s where approximate 
levels only are required, the liquid level gauges are satis- 
factory. 


G. L. Kennaby: Mr Dougary has informed us of what 
happens at the other end of the floating pipelines, as it 
were, and what great efforts he makes to speed up the 
despatch of tankers and soon. A very interesting paper 
could also be given on what happens at the receiving end. 
He may send off his tankers at regular intervals, but un- 
fortunately they do not all run at the same speed, and as 
a result, there is sometimes a. bunching on arrival at the 
home port. I feel that if an investigation were made of 
the time it took to discharge tankers on arrival in the U.K.., 
we should find several interesting points which may not 
occur at Mina-al-Ahmadi. I was thinking, for instance, 
of the possibility of the pump man on board being bribed 
by one of his friends to slow down the pumps so that the 
tanker will miss the tide, and he can spend an extra night 
ashore ! 

In connexion with the deballasting of ships, are there 
any special facilities ashore for receiving ballast from the 
tankers when they come alongside, and if there are, has 
Mr Dougary ever found that the deballasting system has 
proved a bottleneck in the time a tanker spends along- 
side? 


J.M. Dougary : I would like to assure Mr Kennaby, that 
we occasionally have circumstances not unlike the one he 
has described. For instance, a ship which was been at 
sea for eighteen days coming straight into berth and 
starting to load at 3000 tons/hr which will enable her to 
complete and sail at, say, 7-8 p.m. It is really quite 
remarkable how the ship finds it necessary to reduce its 
loading rate from 3000 tons/hr to 1800 tons/hr, involving 
her finishing later and sailing at midnight or thereabout. 

In regard to Mr Kennaby’s query, the answer is ‘‘ No.” 
We have no deballasting arrangements ashore. Ships 
are required to come in with clean ballast, and that is dis- 
charged normally while the ship is alongside the berth or 
sometimes immediately prior to berthing. It would 
require a major deballasting system to handle the ballast 
from eight ships simultaneously. The large super 
tankers now in operation discharge ballast at 1500-2000 
tons/hr, and in order to take this quantity from four to 
five vessels at the same time would require enormous 
pipelines and very considerable facilities ashore. From 
the very beginning of our operations we have always 
insisted that ships should come into port with clean bal- 
last, or if this is not done a ship is liable to be asked to 
vacate the port precincts until she has got clean ballast. 


V. F. H. Sampson: Does the author consider that any _ 
berth time might be saved by the more expeditious 
coupling and uncoupling of cargo hoses? 


J. M. Dougary: No, because with deballasting time of 
approx 5-5} hr, loading hoses are invariably connected 
long before the ship is ready to receive cargo. The 
exception, of course, being the few ships, such as the 
Norwegian whalers, and some of those loading bulk petrol, 
which are fitted with completely segregated deballasting 
systems, and there is then definitely a delay of }—1 hr 
while the hoses are being connected. Otherwise hoses 
are connected long before the ship has got rid of her ballast 
and is ready to receive cargo. 


N. W. Grey: From the paper it is seen that in 1954 a 
— of 2497 ships loaded approx 45 million tons of crude 
oil. 

Since there are eight loading berths on the oil pier, 
would it be correct to assume that the average capacity of 


each berth was approx 5-6 million tons p.a. or have the 
oe yagi berths been used extensively to relieve the 


J. M. Dougary: As you correctly say, the crude sub- 
marine berths are used only intermittently, and therefore 
no figure for tonnage exported per annum is worth 
quoting. To a lesser degree, the same thing applies as 
far as the berths on the oil pier are concerned, since the 

uantities exported per berth vary quite appreciably. 

he reason is that on the inside berth of the smaller of the 
two pier legs, for example, berthing is restricted to ships of 
a definite size, probably of 18,000 tons max and generally 
not attempted during the hours of darkness. Similar 
considerations apply as far as berthing in darkness is 
concerned on the southern inside berth on the long leg of 
the pier, restriction not being on tanker size but because 
of manceuvrability. In general, the berths from which 
the largest tonnage is exported are the two northern 
berths on the outside of the long leg of the pier, and the 
seaward berth on the short leg where the largest ships are 
normally brought alongside. It is not possible to give a 
very satisfactory answer because there is a very wide 
variation in the utilization and size of vessels using the 
individual berths. 


C. E. Blackman: I should like to refer to hydraulic 
shock again. Probably the Mina-al-Ahmadi lines are so 
large, and the flow rate and valve closing time is such that 
shock is not a problem. But as I understand it, when 
shock is created, it travels at the speed of sound, and I 
doubt therefore whether the relief valves in the lines will 
give much protection under shock conditions. 


J. M. Dougary: The only answer I can give Mr Black- 
man is that we have never experienced the development 
of high surge pressures during shut off operations at the 
completion of loading. The simple explanation of this is 
that at the loading rates we use it is not physically possible 
to shut off the valves at such a rate that high dynamic 

ressures associated with the flow of oil would develop. 

n certain circumstances, which I cannot immediately 
foresee, shutting off the flow completely in a short space 
of time, might cause trouble but the relief valves and 
associated lines are 2 inches dia and would allow a 
tolerable flow of oil. 


C. E. Blackman: I know of a case where an ordinary 
gate valve was shut without undue hurry in a long line, 
and the resultant shock split the line about four or five 
miles back. 


J. M. Dougary: I can quite see that something pretty 
drastic might happen if the gate in a gate valve on the 
loading system pped and actually stopped the flow, 
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_ but I think this is a most unlikely occurrence. The 
actual control valve on the jetty at the ship’s side is a 
gear operated plug cock. 


E. J. Sturgess: I would like to ask Mr Dougary for his 
views on hose sizes. He spoke of 8-inch, 10-inch, and the 
possibility of 12-inch hoses. There have been develop- 
ments in light-weight hoses recently, where the larger 
diameter hose is rather easier to handle. I would like to 
know if he has had experience of them, and what his views 
are with regard to the use of the larger sized hose. 

Regarding the hose handling gear on the wharf, I 
would like to know whether they lift the hoses up to the 
tanker, and then let the tanker take the hose load over, 
so that with the difference of tide level, the hose will 
automatically rise and fall with the tide, or whether the 
hose is held by shore equipment. 

One other point. Is there any minimum distance you 
have between tankers berthed alongside the wharf? 


J. M. Dougary: First, our experience of light-weight 
hose has not been very satisfactory, and the only place 
that we have had them fitted was in the submarine berths, 
and some of the trouble that I mentioned earlier on as 
having been experienced, was put down to these light- 
weight hoses collapsing in normal operational duty. 

On hose sizes we find that with loading rates of up to 
about 1700 tons/hr an 8-inch hose is perfectly satisfactory, 
for there is no pressure drop over the 60-ft length of load- 
ing hose, but when one loads at 2000 tons/hr and higher 
there is a definite restriction on loading rate and there are 
pressure drops of 45-50 lb when loading at the highest 
rates. I cannot quote intermediate figures, but at any- 
thing over 2000 tons /hr 8-inch hoses restrict loading rates, 
and we have found that at the one berth which is fitted 
with 10-inch smooth bore hoses that this has been effec- 
tive in raising, all other things being equal, the loading 
rate by as much as 150 tons/hr. (During my absence 
from Kuwait, 10-inch loading hoses have nm installed 
at a number of other berths with an appreciable up- 
grading of loading rates resulting. Tests are being 
carried out now on pressure drops encountered using these 
hoses at the highest loading rates.) 

In regard to the minimum distance on the loading pier 
between tankers, the jetty was designed to handle on the 
outside or seaward side of the main pier, reading from 
south to north, two ships each of 520 ft length (standard 
T2), at the next two berths, two 620-ft length vessels, 
with a space of 100 ft between ships. Thus, two T2s 
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followed by two 25,000-tonners, each with a 100-ft 
spacing. On the inside of the main pier the design was 
for two 620-ft ships again with a 100-ft space between the 
two vessels. One of the reasons why we use the seaward 
berth on the short leg of the pier (formerly used for dry 
cargo discharge) for the real giants of the tanker fleet is 
that these vessels of 700 ft or more in length would over- 
lap on to a second berth if berthed on the main loading 
pier, with the consequent reduction in loading capacity of 
the terminal. 

All hose handling is carried out using shore winches. 
Ships are not responsible for handling the hoses at all. 
Periodic adjustment is made during the course of loading 
and to take care of tidal changes. There is a max tidal 
rise at the Springs of almost 12 ft, so that on a falling 
tide at this time on a fast loading vessel there is a very 
marked fall in level necessitating hose adjustment. 


C. E. Blackman: I would like Mr Dougary’s opinion as 
to the max berth occupancy factor if delays are to be 
avoided. For example, would he consider additional 
berths are required at an occupancy factor of 65-70 per 
cent. 


J. M. Dougary: I think that at 50 per cent berth 
occupancy one is allright. In fact, that is the max 
figure that I have seen quoted for other major crude oil 
terminals. My personal view is that at between 50 and 
60 per cent one would start to run into trouble and, 
certuinly at 70 per cent berth occupancy, I should start 
adding additional berths. Therefore, probably 60—65 per 
cent is about the max berth utilization before one starts 
running into quite serious ships’ lost time. 


L. J. Shrubsall: I presume that the people at Kuwait 
serve in the capacity of agents for these ships when they 
arrive, and in such a capacity could they not prepare and 
sign the bills of lading as a means of quickening up the 
despatch of vessels ? 


J. M. Dougary: The Kuwait Oil Company at the 
Mina-al-Ahmadi terminal act as charterer’s agents and 
agents generally for practically all tankers using the 
Mina-al-Ahmadi terminal. I am not at all sure whether 
some of the customers would be entirely happy with the 
suppliers of the oil signing the ships’ papers as well. 


The meeting then closed with a unanimous vote of 
thanks to Mr Dougary. 
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FAULTING AND OIL ACCUMULATION * 
By G. D. HOBSON ¢ (Fellow) 


SUMMARY 


A i study of the relationship of faulting and oil accumulation requires consideration of the vertical 
distribution of the different layers in relation to the fault displacement as well as the history of the ..ovement. 


AccoRDING to the terminology suggested by Illing,® 
primary migration is the transfer of oil from the source 
to the reservoir rock, and secondary migration is the 
movement of the oil within the reservoir rock to form 
an oil accumulation, which for the present purposes 
is referred to as the initial oil accumulation. Else- 
where, it has been concluded that compaction is the 
agent responsible for primary oil migration, and that 
buoyancy aided by any water currents owing to com- 
paction or artesian circulation leads to the formation 
of the initial oil accumulation.” 

It is to be expected that an oil and gas accumulation 
will try to adjust its form, extent, and position in 
response to any changes in the forces acting upon it. 
Thus, the initial accumulation may not on all occasions 
be the accumulation which is now known. In certain 
circumstances, the initial accumulation may in some 
senses be transient, a state of affairs which would be 
covered in part by the phenomenon of differential 
entrapment described by Gussow ! and independently 
termed displacement by Hobson.? 

Other factors leading to adjustments of the initial 
accumulation are further tilting or folding of the 
formations, faulting, change in depth of burial, and 
erosion, which may initiate or intensify artesian flow 
or circulation in the reservoir rocks. The conditions 
under which water flow will cause oil movements have 
been indicated by Hobson ? and discussed exhaustively 
by Hubbert.4 However, it seems probable that on 
numerous occasions movements of the initial oil 
accumulation may be owing to buoyancy, and involve 
only internal circulation, but not the continuous on- 
ward passage of water, i.e. oil moves upwards, and is 
replaced by water which moves downwards. 

Oil accumulations are commonly associated with 
faults, and the faults may, by bringing impervious 
beds against the truncated reservoir beds, provide 
part of the present seal. On the other hand, it is 
suspected that in many instances faults have permitted 
trans-formational migration of oil from an initial 
accumulation to provide what may be described as a 
subsequent accumulation. At times, the faults may 
play a double role, combining the two functions. 
Furthermore, faults may allow the loss of oil by seep- 
age at the surface. The role of faulting in relation to 
oil accumulation is considered in some detail in this 


paper. 


FORMATION OF INITIAL OIL 
ACCUMULATIONS 


The growth of a fault may be long drawn-out, and 
hence the extent of the fault at the time of secondary 
migration is of importance. The fault displacement 
may be such that an impervious bed is opposite the 
entire broken up-dip end of the carrier (reservoir) bed 
at its highest point. On the other hand, the broken 
end may only be partially covered by displaced im- 
pervious bed at that point. Alternatively, fault gouge 
may be present to form a seal. Whatever the nature of 
the seal at the fault, the position of the seal relative to 
the top of the carrier bed is of prime importance. If 
the seal is not present against what is locally the 
highest part of the carrier bed no accumulation of oil 
or gas can be retained as a result of the faulting. 
Nevertheless, any warping associated with the faulting 
may provide closure by dip and this closure can hold 
oil near the fault line. 

If the fault seal covers only the upper part of the 
carrier bed an oil accumulation could be built up 
against it down to the highest spill-under point (Fig 1). 


\ 
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Fie 1 


IMPERVIOUS ROCK IS DOWN-FAULTED AGAINST THE UPPER 
PART OF THE RESERVOIR HORIZON, FORMING A TRAP 


Transport of oil and gas could be under the conditions 
previously indicated as typical of secondary migration. 
Onward passage of a general water current would be 
relatively easy because of the incomplete seal. 

When the fault seal covers the entire up-dip broken 
end of the carrier bed the height of the oil accumula- 
tion is not limited by any spill-under point associated 
with the fault. The seal may function as a coarse- 
fine interface just as in the case of an up-dip wedge- 
out of a carrier or reservoir bed. The extent to which 
any water passes on through the seal in the case of 
secondary migration associated with general water 
flow is dependent on whether movement through such 
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a seal provides the easiest means of egress. Situations 
can readily be visualized wherein the volume of water 
passing through the fault seal may be small, and the 
main water escape is through the sealing beds over- 
lying the carrier bed. Furthermore, attention in this 
matter should not be restricted to the fault as seen 
opposite the oil accumulation. The fault may change 


Zone of closure 


Spill-under point 
Fie 2 
FAULT DISPLACEMENT WHICH IS NOT UNIFORM 


In this section, drawn parallel to the fault plane, the full 
lines show the broken end of the reservoir rock on the up- 
thrown unit; the heavy broken lines show the corresponding 
end of the reservoir rock on the downthrown unit. 


in displacement. If it dies out laterally, then the 
carrier bed will be continuous where the fault dis- 
appears and the main onward passage of water might 
take place at such points (Figs 2 and 3). On the 
other hand, change in displacement or in bed thick- 
nesses might put the carrier bed in easy communica- 
tion, by direct contact or perhaps by minor fractures, 
with another permeable bed through which the water 
could escape, but not the oil because of the structurally 
low situation of the connexion. One of these condi- 
tions is shown in the diagram originated by Illing and 
modified by Hobson, depicting the development of an 
oil accumulation in a fault trap (Fig 3). 


onsine Plan position of inner edge of 
oil-water contact. This is on 
the base of the reservoir bed 
. which is assumed to be 


t Oil movement 
¢ Water movement 


— — Outer edge of area of closure !OOft thick. 


Fie 3 


FORMATION OF AN OIL ACCUMULATION ON A FAULTED STRUC- 
TURE WHICH IS COMPARABLE WITH THAT SHOWN IN FIG 2 


The heavy broken line shows the sector of the fault where the 
reservoir rock on the upthrown unit is not in contact with the 
reservoir rock on the downthrown unit. 


When an incompletely compacted source rock is 
faulted down against a potential reservoir rock, there 
may be some primary migration of oil and water from 
the source rock across the fault plane into the reservoir 
rock. The extent of this migration may be limited, 
for the zone of source rock from which the fluids will 


pass laterally in preference to going vertically, because 
of an opportunity for easier escape, may be quite 
restricted. 


FORMATION OF SUBSEQUENT OIL 
ACCUMULATIONS 


When there is disturbance of equilibrium, such as 
tiliting of the formations, and when the closure asso- 
ciated with an initial oil accumulation is thereby re- 
duced to such a value that the trap can no longer hold 
ali the initial accumulation, the excess oil will move 
on up dip. Reduction of pressure on the oil and gas 
accumulation might lead to expansion to a volume 
greater than the volume of the trap, and the excess 
would again escape. Water flow might lead to a 
change in the form of the initial accumulation of such 
an extent that oil would escape at a spill-under point. 
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BED I IS ASSUMED TO HAVE AN INITIAL ACCUMULATION, SOME 
OF WHICH HAS MOVED VIA THE FAULT TO GIVE SUBSEQUENT 
ACCUMULATIONS IN BEDS II AND III 


No more oil can leave Bed I because of the slight arching. 
Beds IT and IIT have the same oil—water levels. 


When the movement of the escaping oil is merely 
along the bed in which the initial accumulation existed, 
the function of a fault in relation to the formation of 
a subsequent accumulation of oil will be exactly the 
same as for initial accumulations. 

tdowever, if the disturbance is caused by a fault 
which intersects the initial accumulation, then events 
depend on whether the fault plane becomes an avenue 
for upward escape, i.e. the immediate cap rock has an 
open fracture, or whether it permits oil transfer from 
the lower to the higher structural unit until separation 
of the two parts of the reservoir bed is complete (Fig 
66). In the latter case, oil will move into the higher 
unit so long as there can be equivalent transfer of 
water from the higher to the lower unit. The point 
of water transfer need not be near that of oil transfer, 
and the whole run of the fault and beyond needs to 
be considered. It is possible in some cases for oil 
transfer to cease, because water is no longer able to 
get from the higher to the lower unit. This will occur 
when oil in the upper unit extends down to the level 
of the spill-over point for water in that unit. 

When the fault fracture permits oil and gas to 
escape to the surface a seepage will occur, and the 
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accumulation will gradually be dissipated. However, 
there are probably many instances where the fracture 
merely gives access to higher permeable beds which can 
act as reservoir beds. Interchange of oil and water 
between the lower and higher reservoirs is then pos- 
sible, the oil going upwards and the water downwards. 
When there is local structural closure against the fault 
in the lower bed, i.e. the bed with the initial accumula- 
tion, that closure clearly fixes a limit to the amount of 


Site of subsequent 


accumulation 
Oil and Gas 
Movement 


| Not removable 


by interchange 
Gwe Removable from 


Initial Accumulation 
by interchange 
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PARTIAL REDISTRIBUTION OF AN INITIAL ACCUMULATION 
VIA A FAULT 


oil which can escape upwards from the lower bed (Fig 
4, Bed I). Furthermore, interchange must clearly 


cease when water is no longer able to get out of the 
upper bed and move via the fault to the lower bed. 
If the interchange succeeds in giving an oil—water level 
in the upper bed which is the same as that in the lower 
bed, the process will cease, because equilibrium will 


have been established via the fault (Fig 4, Beds II 
and ITT). 

Conditions could exist under which oil escaping from 
the lower bed up the fault enters the upper bed, and 
because of the latter’s attitude migrates to some trap 
or surface seep remote from the fault (Fig 5). On 
other occasions, the form of the beds may be such that a 
trap exists in an upper bed immediately adjacent to 
the fault (Fig 4). In this case, the chances of limited 
interchange are perhaps somewhat greater because the 
oil in the upper bed might fill down sufficiently far to 
cut off the spill-over point for water. 

If movement of a fault is slow, and if in a sandstone 
and shale series a sandstone happens to be thicker than 
the underlying shale, at a certain stage in normal 
faulting the sandstone in the downthrown block will 
bridge the interval between two sandstones in the up- 
thrown block as in Fig 6c. As a consequence, up- 
ward movement of oil may take place by entering 
this sandstone in the downthrown block, and then 
leaving its upper edge to enter its former continuation 
on the upthrown block. The migration would be by 
passage through the fault plane, not by travel along 
the fault plane. 

If during secondary migration an open fault is en- 
countered, then it could play roles in determining an 
initial accumulation comparable with those assigned 
to such a fault in relation to subsequent accumula- 
tions. 

Should the fault plane or the near-fault parts of the 


reservoir beds become choked with tarry material, 
then interchange would cease. The same would be 
true if further movement on the fault closed the avenue 
which hitherto had permitted interchange. Tarry 
material has been noted near some faults, and it seems 
possible that its formation may be facilitated by inter- 
mingling of oil and water, especially water which is 
different from that original!y associated with the oil. 

It would appear that identicality of oil-water con- 
tacts for a series of superimposed reservoir rocks 
suggests free communication between them (Fig 4, 
Beds II and III). However, it should be noted that if, 
after attaining such equilibrium, communication was 
cut off, and the area was tilted, warped, or the depth 
of burial was changed, then the separate reservoirs 
would react to these changes independently, and 
differences in fluid levels could arise. This would 
obscure the original relationship. 

In endeavouring to explain oil accumulations 
associated with faults, ideally it is necessary to know 
not only the present fluid distribution and form of the 
beds, but also the structural history of the area, which 
involves the detailed form and the state of the faulting 
at various times in relation to oil migration. 

The detailed reference throughout has been to oil 
and water, although the presence of considerable 


b AND ¢ SHOW THE EFFECTS OF PROGRESSIVE INCREASE IN 
FAULT DISPLACEMENT ON THE INITIAL ACCUMULATION IN 
BED I (SHOWN IN a) 


The permeable Bed II is thicker than the shale separating 
Beds [ and II, and in ¢, in the downthrown unit, it permits 
communication between Beds I and II in the upthrown unit. 
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amounts of gas is implicit in some of the statements 
relating to volume changes of the accumulation on 
change in depth of burial. Rise up a fault implies a 
change in depth of burial, and in a closed system, with 
mere interchange of water and hydrocarbons, the 
pressures must be such that there is volumetric equi- 
valence in the interchange. It will also be apparent 
that much that has been written about oil and water 
would apply also to water and gas, or to oil and gas. 

When there is free gas in addition to dissolved gas 
in the initial accumulation, if there is no structural 
closure adjacent to the fault in the lower bed, all the 
free gas will take part in the interchange with water 
in higher permeable beds. However, if there is 
structural closure adjacent to the fault, and this is 
greater than the height of the gas cap, only oil with 
gas in solution will be involved in the interchange via 
the fault. (Owing to the lower pressure at the higher 
level some gas would be set free to give a gas cap and, 
correspondingly, some gas would be driven into solu- 
tion in the lower accumulation if the system as a 
whole cannot expand during the interchange.) Free 
gas and some oil would then remain in the lower 
horizon, even if interchange went to a limit deter- 
mined by the closure in the deeper bed. Should the 
closure be less than the height of the gas cap, then 
interchange might ¢o to such an extent that only gas 
remained in the de per horizon, but the shallower beds 
had oil and gas obtained by interchange. 

With more than one shallower bed involved in the 
interchange the highest bed might be expected to have 
a greater proportion of gas, but this might not be the 
case if there was dip into the fault which could give 
local closure in the deeper beds. The state of affairs 


is dependent on the detailed form of the beds near the 
fault. 

If a series of superimposed oil accumulations lie on 
a faulted stvucture, and those accumulations have been 
wholly derived from a single deeper homogeneous 
initial accumulation, they should be chemically identi- 
cal, unless in the course of migration there has been 
extensive reaction with salt-water or other materials. 
The effects of temperature and pressure on the 
chemistry of a crude oil are debatable, but it may be 
that if a mature oil undergoes migration to give 
several shallower accumulations, the differences in 
temperature and pressure in the several accumulations 
are unlikely to lead to differences in the chemistry of 
the oils in those accumulations. . 

It will be evident from the discussion that a stratum 
contour map of a single horizon, no matter how closely 
defined, is not a complete guide to the existence of a 
fault trap. The vertical distribution of permeable and 
non-permeable beds must also be considered in relation 
to the fault displacement, as well as any indications of 
the history of fault movement, although there may be 
cases where fault gouge or other material may afford 
a seal when the distribution of the different types of 
beds appears unfavourable. 
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NEW METHODS FOR THE MEASUREMENT OF OIL QUANTITIES 
By O. FALK* 


SUMMARY 


After study and investigation extending over many years, instruments first devised for use in the measurement 
of gases have been successfully adapted to the measurement of the levels of liquid surfaces and therefore to several 
aspects of oil measurement work. According to their particular applications, these new instruments take various 
forms, which with their applications are described substantially in the order in which they were developed. 
Results from these new instruments and methods compare favourably with those from conventional routine 


methods. 


VOLUME MEASUREMENT IN TANKS 


THE types of apparatus first developed for the volu- 
metric measurement of oils rely on very precise dips 
or gauges in dip-pipes fitted in storage tanks. The 
dip-pipes damp out ripples or waves on the oil surface 
and give a still oil surface for level measurements. 
The volumes of oi] stocked in the tanks and, by dif- 
ference in stocks, volumes of oil received or delivered 


Fie 1 
TANK-GAUGE FOR LIQUID HEIGHT AND VOLUME MEASUREMENT 


may then be calculated from the tank tables in the 
usual way, but with exceptionally high precision. 
For reduction to standard temperatures of the oil 
it is then necessary to measure also the temperature 
volumes so measured, or for calculation of oil weights, 
and the specific gravity of the oil. 


As shown in Fig 1, in these tank-gauge devices a 
float (1) moving without friction carries above it a 
light plate (2), which on very slight vertical movement 
in turn operates a vacuum mercury-contact tube (3) 
held in a sleeve (4) within the dip-pipe (16). The 
contact tube is connected with two 0-3-mm stainless- 
steel suspension wires (6), which pass through an 
insulating piece (5), and its operation makes or breaks 
a circuit through these wires. The current needed is 
only 0-03 mA at about 3 V, and this is well below 
the maximum current strength officially permitted for 
use in potentially explosive atmospheres. The sus- 
pension wires, which pass around two stainless-steel 
drums (7), machined or ground to radius and insulated, 
are wound on and off these drums by worm gears (8 © 
and 9); all these parts are precision-made. The 
motor (10) driving the gears may be fitted either on 
the top of the tank or at its foot, as desired. Rota- 
tion of the motor also drives a counter (11), which 
may be designed to print a record of its readings. 

Movement of the sleeve (4) is controlled by an 
amplifier (17) to which the current from the contact 
tube (3) is led. Fed through this amplifier, the motor 
(10) then turns in the direction required to make the 
sleeve (4) follow the float (1); it is therefore always 
easy to see that the apparatus is working properly. 
If the tank is being filled, the sleeve is pulled upwards, 
and so tends to move upwards rather more quickly 
than does the oil surface; but this movement is 
reversed as soon as electrical contact is broken. The 
sleeve and, through its connexions with the motor, 
the recording counter then follow the float movement 
automatically and very closely. Since the sleeve is 
raised by the motor, slight friction between it and 
the dip-pipe, such as might be caused by the latter’s 
not being strictly vertical, does not affect the precision 
of the measurements. The drums (7) and the worm 
gears (8 and 9) are housed in a gas-tight case mounted 
on the dip-pipe, which is welded to the side and roof 
of the tank. At the lower end of the dip-pipe there 
is a fixed dip-plate or strike-plate; the float can be 
made to move into contact with this plate, and so the 
levels of the oil in the tank may be measured from 
this datum level. Normally, however, only differences 
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in level before and after receipts or deliveries of oil 
need be measured. 


REMOTE READINGS 


A transmitter (12) may be connected to the counter 
(11), and a receiver (13) with a recording counter (14) 
controlled by the transmitter may be installed at any 
point or points desired, e.g. in distant offices; or a 
counter so controlled may be taken aboard ship, and 
a watch kept there on the progress of loading or of 
bunkering. 


MEASUREMENT OF LOSSES 


To measure loss by evaporation or leakage of the 
oil, a level-recorder (15) whose pen records graphically 
the counter readings or their equivalent may be used. 
A single level-recorder may be switched over from one 
tank-gauge instrument to another, and so serve for 
loss measurement on several tanks, while on its paper 
may be noted the time at which each loss test began. 
The recorder should be connected after the tank-gauge 
has been brought into operation, and the recording 
counter set to zero. The counter will record a change 
of as little as 0-05 mm in the level of the oil surface. 
The pen of the recorder may conveniently amplify the 
changes in oil surface level by 5, a change of 0-2 mm 
’ in this level then causing the recorder pen to move 
1 mm on the paper. 


MEASUREMENT OF OIL BY WEIGHT 


Fig 2 shows the principles on which a tank-gauge 
has successfully been designed for direct measurement 
of the weights of oil received into or delivered from 
storage tanks, without measurement of either the 
temperature or the specitic gravity of the oil. A 27- 
mm brass dip-pipe (1), which opens at its top into a 
gas-tight chamber (26), carries near its top a side- 
branch (14) that passes into the vapour space of the 
storage tank through the tank side (3). The lower 
end of the dip-pipe is led into the bottom of a con- 
tainer (2), and near the top of this container is the 
open end of a pipe (25) connected through the tank 
wall (3) to a level near the bottom of the storage tank. 

Although not shown in Fig 2, the container (2) is 
fitted with gauge glasses over much of its height. 
The level at which the container is placed is chosen 
so that if the oil in the storage tank is reduced in 
quantity to its lowest working level, the plane of the 
oil surface, extended outside the storage tank, will 
cut container (2), most conveniently near its mid- 
level, e.g. at L. Dip-pipe (1) and container (2) and 
its gauge glasses are first filled with water, and con- 
nexion (25) to the storage tank is opened. Water is 
then drawn off through a valve and connexion (not 
shown) until, as read on the gauge glasses, the inter- 
face between the oil so drawn into the container and 
the water still left in it is substantially at level (L). 


A short brass rod (5) carrying a simple contact (6) 
insulated by a glass tube from contact with the dip- 
pipe (1) hangs in that pipe by a stainless-steel wire (4). 
Much as described above in connexion with Fig 1, 
the suspension wire passes over insulated pulleys 
(7 and 8) to be wound on to the stainless-steel drum 
(10), which is machined to radius and which is driven 
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TANK-GAUGE FOR LIQUID WEIGHT MEASUREMENT 


through precision-made worm gears by a motor (11) 
connected to a counter (13). An electric current, of 
0-03 mA, is passed through wire (4), contact (6), the 
water in the dip-pipe, and to earth through the dip- 
pipe itself. Movement of the contact is controlled by 
an amplifier, which alters the sense of rotation of the 
motor so that the contact follows the water surface in 
its movements. 
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INCREASE IN PRECISION OF 
MEASUREMENTS 


Reckoned from the level of the oil-water interface 
in container (2), the head of water in the dip-pipe will 
always be in hydrostatic balance with the head of oil 
in the storage tank; the temperature and density of 
the oil therefore need not be considered in determining 
the oil weight. The low coefficient of expansion of 
water, about one-seventh of that of oil, makes it a 
good medium for frictionless hydraulic weighing. 
High precision is attained if the temperature of the 
water is kept constant, preferably at 30° C, which is 
slightly higher than the highest air temperature in 
summer. 

A satisfactory temperature control arrangement is 
shown in Fig 2. A brisk current of air, whose path 
is indicated by arrows, comes from a blower (not 


HEAD OF TANK GAUGE INCORPORATING 
MOTOR OR HAND DRIVE 
Fie 4 (right) 


TRANSPORTABLE TANK GAUGE, SUITABLE 
FOR TANK SHIPS AND STORAGE TANKS 


shown), and passes through a heater (15) regulated 
by a thermostat (16) and a relay, the volume of the 
air being controlled by a throttle-valve (24). The 
heated air then passes upwards between two pipes 
(18 and 19) concentric with the dip-pipe (1), and 
returns downwards between pipe (19) and the dip- 
pipe itself, pipe (20) affording external insulation. 
Part of the warmed air is also blown around container 
(2) between this and its inner cover (21). The space 
between the inner (21) and the outer (22) covers forms 
a suitable insulation. Unless the water is heated, it 
may be necessary in winter to add an anti-freeze com- 
pound to the water. The dip-pipe may be fitted in- 
side the tank, but if the temperature in the tank is 
very variable, this arrangement cannot be recom- 
mended; in any case, container (2) must be placed 
outside. 

The simplest construction for the tank-gauge is also 
shown in Fig 2 in the positions 10 to 13 inclusive. 
The tank-gauge may be driven by motor as shown in 
Fig 3, and this is probably the more convenient 
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arrangement; but hand drive is always provided as 
well as motor drive. Thus, in the event of current 
failure the handle (left) may be rotated. The instru- 
ment incorporates three amplifiers, each controlled 
independently by a separate switch. As a safety pre- 
caution, the whole of the electrical circuit is contained 
in an explosion-proof box. 

Fig 4 illustrates a transportable tank-gauge, driven 
by hand only. This apparatus is especially suitable 
for tank ships because dip readings can be made in a 
very short time. The operation of a switch enables 
the height of the water below the oil also to be 
measured. The e.m.f. is provided solely by means of 
a dry electric battery. 


TANK CALIBRATION : 
CHECKING OF TANK CAPACITIES 


By use of the apparatus, tank capacities may be 
checked without the use of strapping tapes and with- 
out taking the tank out of use. For this, small 
weighed batches of oil, e.g. 3000-5000 kg, are filled 
into the tank when it is already filled to depths of 
1, 4,7, 11, and 13 m. The counter of the apparatus 
is read both before and after each such addition, and 
the increase in counter reading is calculated. The 
known weight of each batch is then divided by the 
corresponding increase in counter reading, when if 
the tank is truly cylindrical, the quotients obtained 
should be constant for all batches. In practice, 
however, small variations are to be expected; the 
mean quotient K is then calculated from all the 
batches, when for oil of any specific gravity the 
weight W of any batch delivered from (or received 
into) the tank is obtained by multiplying the mean 
quotient or tank constant K by 7, the change in 
counter reading during the delivery (or receipt) of the 
batch; W = KT. The weighed batches required in 
this type of calibration may be obtained by weighing 
a rail wagon or a road wagon on a weighbridge, or 
from some other carefully calibrated container. 


PRACTICAL TRIALS AND RESULTS 


Many practical trials have been made successfully, 
but only a few typical results are quoted here. 

A set of 154 oil dips or gauges were taken by the 
earlier form of tank-gauge in a working tank to which 
this had been fitted, and for comparison, these dips 
were also taken in the usual routine manner. The 
sum of the dips taken by tank-gauge was 31-5 mm less 
than the sum of those taken in the ordinary way, 
i.e. on average a tank-gauge reading differed by 0-5 
mm from a routine reading. It follows that errors 
in the calculated weights of batches of oil delivered 
from tanks arise more from errors in measuring the 
temperature or the specific gravity of the oil than 
from errors in dip or gauge. As is shown below, these 
errors are eliminated by the use of the tank-gauge for 
direct measurement of oil weights. 
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NEW METHODS FOR THE MEASUREMENT OF OIL QUANTITIES 


Table I sets out results obtained in the model tank 
shown in Fig 5. The tank-gauge apparatus was used 
to control a mercury contact moving in the 8-mm 


TaBLe 


Small-scale Trials 


Grams Difference Temp, ° C 

Weighed | Gauged | Grams ceeninneibedl Water Oil 

512°0 515-0 +3-0 +0°385 17-5 17-1 
501-5 500-1 —14 —0-279 17:8 17-1 
503-0 501-8 —1-2 — 0-239 17-8 17-1 
After warming the oil 

514-4 515-0 +-0-6 +0117 18-1 45-1 
505-2 500-8 —4-4 — 0-872 18-1 43-0 
514-0 516-0 +2-0 +0:39 17:8 32-0 
512-0 510-0 —2-0 —0-39 17-8 29:8 


glass tube serving as dip-pipe. The first three results 
in the table were obtained with the oil unheated and 
at nearly constant temperature. The oil was then 
heated to approx 45°C, and the results given in the 
second part of the table show that this change in 
temperature has no effect on the precision of the weight 
measurements. 


MODEL TANK WITH 8-MM GLASS DIP-PIPE 


Again, full-scale trials were made with the weight- 


measuring tank-gauge fitted to a 600,000-litre tank 


29-2 m in diameter. A check, as described above, 
showed that the tank constant K to be applied to 
changes in counter readings was K = 21, and Table 
II, which takes the place of the usual tank table, sets 


out multiples of K. Table II may be read in the 
usual way; but to minimize the risk of error in read- 
ing, the stencil shown in Fig 6 may be and was used in 


Tasie IT 
Simplified Tank Table 
Q = 21 x ¢; 21 = constant; c = counter-figure; Q = quantity in kg 


0 1 3 |-3 4 5 6 7 8 | 9 
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READING STENCIL TO BE PLACED OVER TABLE Il 


zn 


reading it. Nineteen successive batches of oil were 
then weighed on scales after being withdrawn from 
the tank. Table III gives these weights in column 


Taste IIT 
Comparison of Batch Weights 
Weights of the same batch: (A) On scales, (B) By tank | 
gauge method, (C) By routine method. 


No. A, kg | B, kg C, kg 
2,575 2,542 2,655 

2,575 2,636 2,600 

2,138 2,195 2,040 

2,167 2,185 2,138 


19 2,577 2.604 2,658 
Totals... 51,841 51,795 51,414 
Differences : 

0 46 427 
Per cent . —_ 0-09 0-82 


= 
; 21 42 t 84 105 126 147 168 189 
1 | 
| 
| 
| 
1 
| 
5 | 2602 | 2,645 2,544 
6 2,602 2,562 2,582 
7 2,160 2,100 2,196 
8 2,593 2,563 2,550 
Ae on 10 878 966 830 
ll 2,595 2,562 2,598 
a 12 3,455 3,432 3,499 
eS 13 2,578 2,562 2,539 
Fie 5 14 | 3,455 3,485 3,405 
16 4,340 4,346 4,298 
17 2,162 2,120 
z 
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A; the weights found from tank-gauge readings are 
given in column B, while column C gives the weights 
found in the usual way from gauge-glass readings and 
oil gravities. From the totals, the usual process is 
seen to have underestimated the weights of oil de- 
livered by about 0-8 per cent on average, while the 
tank-gauge weights were correct to 0-09 per cent. The 
much higher precision obtainable by the use of the 
tank-gauge is clearly shown, but some further increase 
in accuracy may still be expected, since in these trials 
the dip-pipe, although lagged, was not kept at strictly 
constant temperature by warmed air. 

The practical effect of the greater accuracy of the 
weight-measuring tank-gauge is shown in Table IV, 
which sets out the main features of a record taken over 
thirteen consecutive days from a working tank fitted 


TaBLe IV 
Comparison of Batch Weights 


Weights of batches: (A) By tank-gauge method, (B) By 
routine method : with (C) Differences (A—B). 


B, kg 


217,408 


103,109 
0 
229,680 
45,438 
94,830 


30,420 
0 


4,367 
6,327,491 
101,250 
0 


350,482 
0 


| 
| 


10,350 | 


9,915,005 | 9,930,548 


with this gauge. As it was impracticable to measure 
the tank constant K for this tank in the way described 
above, K was determined by taking the total of 
9,930,548 kg of oil delivered from the tank during the 
13 days in question, and dividing this by 230079, the 
total of the differences read on the recording counter 
over the same time. K is then 9930548/230079, or 
43-2. Table IV sets out the weights in kilograms of 
batches of oil measured and delivered, the figures in 
column A being those calculated from tank gauge 
readings, and those in column B as calculated by 
routine procedure. Column C gives with the appro- 
priate sign the differences (A-B). 


MEASUREMENTS OF WATER FLOW AND 
OF OIL FLOW 


The principle of the tank-gauge has been applied to 
measure the flow of water, and no trouble has been 
experienced with instruments which have been run- 


FLOW-GAUGE INSTALLATION 


ning for this purpose continuously for over five years. 
The principle could also be used to measure the flow 
of oil. As shown in Fig 7, the flow gauge incorporates 
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FLOW-GAUGE PRINCIPLES 


two tank-gauge floats and simple contacts controlled 
by amplifiers, each substantially as described above for 


oil weight measurement. These contacts are sus- 


Q@ 

Fie 7 

| C, kg 

Batch 

| 

1 213,000 — 4,408 | 

2 562,700 | 561,175 | 1,595 | — » 

3 85,500 88,592 — +) Roos 

4 475 0 47%5 | — = | 5 10 

6 1,165 624 541 | 220 

8 475 624 — 174 = = 

9 370,300 | 370,781 484 =f 

10 178,500 179,262 — 762 = ey, 

13 104,000 891 — = 

16 47,500 2,065 i 
17 95,600 770 a 

9 28,800 1,62 ! 

22 6,330,000 | 2059 | — 

23 94,000 | 7,250 

24 — 

25 349,300 — | 1,382 

i ve 
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pended in vertical pipes (20 and 21) placed in the river 
or channel about midway between the triangular 
marks in the figure. The marked points are chosen 
at a distance apart that depends on the speed of the 
current, but the greatest distance needed in practice 
does not exceed 20 m. Through side-branches other- 
wise closed but each pierced by two 3-mm holes in a 
vertical line as shown, the surface levels of the water 
in the vertical pipes are in hydrostatic balance with 
those of the marked points, and the difference AH in 
water-surface level between the marked points may 
then be measured in the pipes. Between the marks, 


FLOW-GAUGE HEAD 


the velocity v of the water current is then proportional 
to the square-root of AH; or v = k(4/4H). 

As illustrated in Fig 8, and as already described, 
each of the contacts (18 and 19) is kept at the level 
of the water surface by transmission of a small current 
through an amplifier to a motor. Following this 
through for contact (18), a motor (3) turns the counter 
(14) and through gears (5 and 6) it also turns cylinder 
(1) and the insulated drum (12). Cylinder (1) is 
threaded, so that its rotation moves the pen (29) of a 
pen recorder, recording the level of the contact (18), 
much as illustrated in Fig 3. Even without alteration 


NEW METHODS FOR THE MEASUREMENT OF OIL QUANTITIES 


of the difference AH in level between the water sur- 
faces in the top pipes, 7.e. without alteration in the 
speed v of the current, there is a wide possible range 
in the average levels of the water surfaces in pipes 
(20 and 21). For this reason cylinder (1) is provided 
with both right-hand and left-hand threads, so that 
its pen may move several times up and down over the 
paper on which the record is made. Contact (19), 
drum (13), cylinder (2), motor (4), and counter (15) 
are similarly connected. The recording pen (30) is 
set so that when AH is zero, its graph shows no dif- 
ference in reading from that for pen (29); the water 
is then still, v becoming zero with AH. 


AUTOMATIC CALCULATION OF QUANTITY 
FLOWING 


Given the velocity v of the current and the cross- 
section of the channel in which it flows, the volume of 
water passing in any given time may be calculated in 
the ordinary way; but provision is made for auto- 
matic calculation. Between the two cylinders (1 and 
2) is mounted a third cylinder (32), which rotates in- 
side a hollow fourth cylinder (33). Cylinder (32) is 
driven from cylinder (2) through the gears (8, 9, and 
10), and cylinder (33) is driven from cylinder (1) 
through gears (5, 6, and 7). A pin attached to the 
recorder pen (31) passes through a slot in the hollow 
cylinder (33), and by its engagement in a parabolic 
thread cut in cylinder (32) causes pen (31) to trace out 
the velocity curve v =k,/(4H), from which by 
automatic integration the flow may be continuously 
recorded. When the flow of oil in pipes is measured, 
it is necessary to use a combination of communicating 
tubes as shown in Fig 2. 
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KENT REFINERY 
STILL GROWING 


This new Platformate splitter column and ancillary plant ‘ 
engineered by Frasers for The British Petroleam Company En gi neered by 
Ltd., adds one more distinctive form to the skyline of 

the Kent Refinery, Isle of Grain. And it adds yet another 


— 
specialised unit to those Frasers have supplied to British FR AS b a 


refineries in recent years. & CO.LTD. 


DESIGN - PURCHASING - EXPEDITING - FABRICATION - INSPECTION - ERECTION - COMMISSIONING 


W. J. FRASER & CO. LTD., CHEMICAL & PETROLEUM ENGINEERING CONTRACTORS, 
Harold Hill, Romford, Essex. Works: Monk Bretton, Barnsley, Yorks. 
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There’s someone's 


livelihood 


involved in this 
new rendering of 
an old saying ; 

at least where the 
filling station 

is concerned. 


| ‘ The pumps take 
UNDERGROUND 


STORAGE TANKS 


their orders from 
what’s down below 
and Butterfield’s 
who produce 
Underground 


Storage Tanks in 


large quantities 


make no mistake 


material and 


W. P. Butterfield Ltd 
P.O. Box 38 Shipley Yorks Tel 52244 (8 lines) 
Branches LONDON Tel! HOLborn 2455 (4 lines) BIRMINGHAM Tel EAS 0871 BRISTOL Tel 26902 


LIVERPOOL Tel CENTRAL 0829 MANCHESTER Te! BLACKFRIARS 9417 NEWCASTLE-ON-TYNE Tel 23823 
GLASGOW Tel CENTRAL 7696 BELFAST N.!. Te! 57343 DUBLIN Tel 77232 


as to the standards of 


craftsmanship required 
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WHESSOE 


GAUGES 


Manufactured by Whessoe under 
licence from the Shand and Jurs 
a pany, California, the S & J 


equipment has a world-wide 
for accuracy and relia- 
bility 


The range les gauge hatches, 
‘tell-tale’ semi- and fully- 
automatic tank ges for fixed and 
fieating root famks and for high 
pressure storage spheres. 
gauges can be 
equipped with remote reading equip- 
tment enabling the gauges to be read 
with great accuracy several miles 
away. 
Illustrated ST-400 high- 
pressure a fatic tank gauge (ver- 
available for pressures up to 
p-8.1.g.), (2) ST-6500 combina- 
a gauge hatch and vapour line 
shut-off, (3) ST-2250 pressure type 
gauge hatch, (4) ST-5340 semi- 
automatic gauge and sampling lock 
(for pressures up to 10 p.s.i.g.), 
(5) ST-2935 automatic tank gauge. 


Write for cat describing the 
Whessoe range of S & F fittings. 


4 5 

WHESSOE LIMITED DARLINGTON & LONDON 

Telephone: Darlington 5315 London Office: 25 Victoria Strevt, London, Telephone: Abbey 388! 
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RAMMING PATCHING MONOLITHIC LININGS 
SPECIAL ELMERGENCY SHAPES » COMPLETE LININGS 
% THIN SOUND STRONG JOINTING 
% PNEUMATIC GUN CEMENT LININGS 


ter ound loss 
* Fully descriptive literature on all of these jx may jittle Catalytic 
grades of Durax is available on request applied forms 
maxim 
th 
GENERAL REFRACTORIES LTD 
rem 


GENEFAX HOUSE - SHEFFIELD 10 Telephone SHEFFIELD 31113 
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Tory! 
y CONCRETE 
for join dry: special and stron 
DURAK No RING | 
| 


‘Valve, boited gtand, FORGED STEEL 


‘Polted bonnet type. < sf 

available with is VE 
‘either 


orting for every needof the 


Joint. 


FORGED STEEL 


FORGED STEEL 
CROSS 


UNION 
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STRUCTURES 
IN 
STEEL 


We Specialise in 
ALL TYPES OF STRUCTURES 


Required for 
Oil Production and Refining 


ALSO 
all iron and ‘MAINSTEEL’' PALISADING 
and All Types of FENCING 
for HOME and OVERSEAS 


LONDON OFFICE 
VINCENT HOUSE, VINCENT SQUARE, S.W.1 


Telephones : Victoria 8375/6/7/8 Telegrams: Kelvin Sowest, London 


A. & J. MAIN & COMPANY LIMITED 


WORKS AND REGISTERED OFFICE 
CLYDESDALE IRONWORKS, POSSILPARK 


Telephone: Possil 8381 Telegrams: Kelvin, Glasgow 


CALCUTTA: Post Box 36, 16 NETAJI SUBHAS ROAD 
also NAIROBI and CHITTAGONG 


TOWER PACKINGS 


LESSING RINGS 
RASCHIG RINGS 
SADDLES BALLS 


HY-MESH LESSING RINGS 


STONEWARE + PORCELAIN 
ALL METALS GLASS CARBON 


** SPRAYPAK ”’ 


UNDER LICENCE OF U.K. ATOMIC ENERGY AUTHORITY 


THE PIONEERS OF TOWER PACKINGS 


THE HYDRONYL SYNDICATE LTD. 


14 GLOUCESTER ROAD, LONDON, S.W.7 
Phone: WEStern 4744. Grams: Hydronyl, Kens, London 


MODERN 
PETROLEUM 
TECHNOLOGY 


SECOND (1954) EDITION 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1 


_ 
| 
GLASGOW, 0.2 
at 
702 pages 200 Illustrations 
Price 35s. 0d. 
| 
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Pins an exhaustive study, Cities 
Service Oil Company (Del.) has 
chosen the UOP Rexforming process 
as the best method for upgrading 
low octane naphthas to meet the 
rapidly increasing demand for 
higher octane gasolines. 


A 6,000 barrel per stream day 
Rexformer will be installed at 
Cities Service Ponca City, Okla., 
refinery as an important part of 
an extensive new construction and 
expansion program. 


By installing the Rexforming 
process, the latest development in the 
catalytic reforming field, Cities 
Service will be assured of obtaining 
the best yields of the highest octane 
blending material for the company’s 
motor fuels. Rexforming, developed 
/f a by Universal, is capable of producing 
gasolines having octane ratings 
2 ee i” considerably in excess of 100 clear. 


CITIES SERVICE ADD: 


UNIVERSAL 
OIL PRODUCTS 
COMPANY 


30 ALGONQUIN ROAD, 

DES PLAINES, ILL., U.S.A. 

Forty Years Of Leadership 

In Petroleum Refining Technology 
Representative in England: F. A. TRIM, 


BUSH HOUSE, ALDWYCH, 
LONDON, W.C.2 
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General view of crude, visbreaking, 
desulphurising, recovery 
and stabilisation units. 


Graphic type panels are installed on both 
sides of control room with operator desk 
panels in centre. Crude and visbreaker 

unit panel is illustrated. 


General view of Refinery with 
Mantova in background. 


Over-head steam, water, oil and gas lines 
substantially supported and conveniently | 
located for distribution between the units. 
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“Caledonia Engineering Works, F A | \COTLAND | 

Office? 727, Selisbury House, London | Wally Tel! NATVonal 2964 
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GROUP OF 


BROTHERHOOD 


STEAM TURBINES 


FOR DRIVING PUMPS, ETC. 


Wide range—All types. 
Over 40 years’ experience. 
Hundreds in hand— 
thousands in service, 


BROTHERHOOD 
STEAM ENGINES 


High Speed Vertical up to 
500 B.H.P. 

Many in hand and 
hundreds in service. 


BROTHERHOOD 


COMPRESSORS 


Air, GasandRefrigerating. 


The widest range in the 
British Empire—made tosuit 
your requirements. 
Thousands in service. 


BROTHERHOOD 
REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, 
Methyl Chloride. Wide range 
tee —single and double acting— 
egy) one or more stages. 

Made to measure for 
special duties. 


BROTHERHOOD 
GENERATING SETS 


Turbine driven up to 

11,000 kw. 

Engine driven up to 340 kw. 
Scores in hand, hundreds 
in service. 


also Manufacturers of all kinds of 
PLANT TO CUSTOMERS’ OWN DESIGNS 


WHY NOT SEND YOUR PROBLEMS TO US? 
We shall be pleased to investigate them confidentially 
commitment 


| COMPRESSOR & POWER PLANT. SPECIALISTS FOR NEARLY A CENTURY 


CLARSOL CLARSIL i 


Bentonites Activated Earths 


POROSIL CLARCEL 
Kieselguhrs Filter Aids 


PYRO-ISOL CECAGEL 
Refractory Insulating Silica-gel 
Bricks 


ACTICARBONE 
Activated Carbons 


THE BRITISH CECA COMPANY LTD. 
175 PICCADILLY, LONDON, W.I 


TEL: HYDE PARK 5131-5 CABLES: ACTICARBON, LONDON 


The Role of Petroleum 
in Modern Transport 


The most recent survey of the application of 
petroleum fuels and lubricants to road, rail, 
air, and water transport, and of future trends 
in these applications. 


184 pages Illustrated 


Price 30s. Od. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1. 
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MULTIWELD 


prefabricated for Gas 
and Oil Industries 


This pair of special large-bore fabricated y 


é 


fittings for the oil industry and the 24”-bore return £ 


bend for the gas industry are typical examples i 4 
of recent welding by William Press and Son Ltd., * 


using Lincoln Multiweld O.V. 
This new Lincoln electrode, which is exceptionally 
simple to use in all welding positions, 
has low spatter loss and an exceptionally 
smooth flat bend. The Multiweld O.V. electrode welds 
without undercut and with self-releasing slag. 
All Lincoln Electrodes come to you in a sealed moisture-proof 


and airtight metal container which keeps them absolutely dry. 


Largest manufacturer of D.C. Welders in the United Kingdom 


LINCOLN ELECTRIC co * WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 
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You ean take it for granted... 


Your letters will be collected and 
delivered anywhere in the world. 
The Kenyon service is also world- 
wide and you can be sure the latest 
developments and materials for the 
thermal insulation of steam raising 
and chemical plants are always 
available. Specifications, application 
and supervision on sites anywhere. 
Our engineers are at 

hand for consultation at all times. 
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MEMBER OF THE 
NOLLVSINYSY 


KENYON 


PLANNED HEAT INSULATION 
WILLIAM KENYON & SONS LIMITED 


DUKINFIELD CHESHIRE 
INSULATION ENGINEERS 
KH 188 
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